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Aqueous Dispersions 

Background of the Invention 

5 This Invention relates to aqueous dispersions comprised of water-soluble polymers, 

processes for making said dispersions, and methods of using said dispersions In water 
treating, dewaterfng, water dariffcatlon, papermaldng. oil field, soil conditionfng. food 
processing^ mineral processing, and biotechnological applications. 

U.S. Patent No. 4.380,600 discloses a process for producing an aqueous dispeision 

10 of water-soluble polymers. The aqueous cDspersion may contain inorganic salt However, 
the aqueous dispersions exemplified therein have disadvantageously high bulk viscosittes. 

U.S. Patent No. 4,673»704 and EP 0 170 394 A2 disclose products comprised of 
particies atrave 20 microns in size of a liigli molecular weight poiymer gel interconnected 
by a oontrnuous phase that is an aqueous solution of an equilibrating agent tliat liolds the 

15 water content of the particles in equilibrium with the water content of the aqueous phase 
and that prevents substantial agglomeration of the particles in the fluid product. AUtiough 
tt>ese references are entitled "Aqueous Polymer Dispersions." the products disclosed therein 
are distinguished from the aqueous dispersions of U.S. Patent No. 4,380,600 and from the 
aqueous dispersions of the instant invention in that the particles of U.S- 4,673.704 and EP 

20 0 170 394 A2 are not generally field suspended in a continuous matrix of ttie aqueous 
phase but instead generally rest sut3stanti£d[y in contact with one anoCfier but slide over one 
another A process for dispersing the polymer gel into an aqueous solution of an 
equilibrating ag^t and woiMng the poiymer while in ttiat medium Is disclosed in U.S. Patent 
No. 4,778,836 and EP 0 169 674 B1 . Also, U.S. Patent No. 4,522,968 discloses a process 

25 for dispersing certain powdered water-soluble homopolymers or copotymeis in an aqueous 
solution containing a polymer of ethylene oxide and/or propylene oxide. 

U.S. Patent Nos. 4,929,655 and 5,006,590 disclose processes for preparing aqueous 
dispersions of water-soluble polymers by polymerizing benzyl-containing monomers in the 
presence of an organic high molecular multivalent cation and a multivalent anionic salt. The 

30 benzyl group-containing monomer may be replaced by a hydrophobic alkyi group-containing 
monomer as in EP 0 525 751 * Numerous references concern these and similar polymers, 
e.g. U.S. 5.332.506; 5,332,507; 5.330,650; 5,292,793, 5.435,922; 5,466.338; EP0595 156 
A1; EP 0 630 909 A1; EP 0 657 478 A2; EP 0 629 583 A2; EP 0 617 991 Al, EP 0 183 
466 B1 . EP 0 637 598 A2; EP 0 717 056 A2; JP 61-6396; JP 61-6397; JP 61-6398; JP 82- 

35 262799; JP 64-15130; JP 2-38131; JP 62 15251; JP 61-138607; Hel 6-329866; and JP 62- 
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100548. jUthough some of the aqueous dispersions In these references have relatlwly fow 
bulk viscosities, the need to include special monomers oontalnlng aromatic or hydrophobic 
alkyi groups tn order to render the polymer insoluble In salt solution may be 
disadvantageous because the special monomers may be expensive and dilutive of the 
5 polymer effect in a specific application. 

The effect of sails on tiie solubility of various substances In aqueous solution is weH 
discussed Jn the scientific IKerature. The "Hofmeistef" series ranks anions according to their 
ability to increase or decrease the solubNity of substances In water. Although posltk>ns In the 
ranking may vaiy sBghfly, depending on the substance, a generally accepted ranking of the 
10 anions is: 



Salting-out SO/ - HPO/" > F > Q" > Br > I" - CIO4 > SCN" Salting-in 

(kosmotropic) (chaotropte) 

15 

Kosmotropic salts generalty decrease the solubility of sut)stances in water. For instance, the 
Hofmeister rankirig apparently guided the choice of salts for precipilaiing catronic water soluble 
poiymers, containing hydrophobic groups, in U. S. Patent Nos. 4, 929,655 and 5,006,590, as 

20 well as EP 0 630 909 A1. EP 0 525 751 A1, and EP 0 657 478 A2, as evidenced by their use 
of strongly kosmotropic salts containing sulfate arxl phosphate anions. On the other hand, 
chaotropic salts ger^rally irK)rease ttte solubility of sutistanoes In water 

There are numerous means knovni to those skilled in the s^t for detemiinbig whether 
a particular salt is kosmotropic or chaotropic. Representative salts which contain antons sisdti 

25 as sulfate, fkjoride, phosphate, acetate, dtrate, tartrate arxl hydrogenphosphate are 
kosmotippic. Representative sdts whfch contain anions such as thiocyanate^ percMorate, 
chlorate, bromate, iodUe^ nitrate and bromide &r& chaotiopic. Ttie chloride anion is generally 
consUered to be at about the mkldle of the Hofmeister rankb^, being either weakly chaotropic 
or weakly kosmotroi:^, depending on the particular system. In the instant bivention, although 

30 occaslcMiaHy diaotropte, inoiganic salts which contain the chloride anion tend to t^e kDsmotropic. 

Small amounts of sodium ttiiocyanate, ibr instance about 0.1% by weighL on total, have 
been reported to be useful as stabilizers for pdymer disperskxis as Jn EP 0 657 478 A2, wfteie 
(Ni-l4)2S04 was used to deposrt the polymer. Sodium thiocyanate and sodium iodide have been 
reported to be useful as stat)ilizers for hydroxylamrne-conlaifVing water-soluble polymer systems, 

35 as in EP 0 614 649 A1. U.S. 3,234,163 teaches that small amounts of tWocyanale salts, 
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pfBferably 0.1 to 1 percent, based on the weight of the polymer, aie useful for stabilizing 
poiyacrylamide solutions. 

The Hofmeister lanldng has been obsenred in solutions of high molecxilar weight, water- 
soluble polymers. For Instanoe^ the effect of various salts on the solubility of ^nthedc, water- 
5 soli4>le poiymeis was ^qDlored ti^ ShujI Salto, J. Polym. Sci,: R. A, Vd. 7, pp, 1789-1802 
(1969). This author discussed the effect of various anions or polymer sohjbMty and staled 
"This anionic Ofder seems to be independent of the type of counter cations and is in line with 
Hofmeister's lyotropic series for anions." SimBafly, in IM. Leca, Polymer Bulletin, Vd. 16, pp. 
537-543, 19fi6, the viscosity of polyacfylamlde» as d^ermified in IN solutions of various salts, 

10 was found to inciease in the orcler HP04^ < H^O < Or < NOg" < I" = BrOg" < ClOa" - SCN". The 
viscosities were reported to be higher in more chaotropic saJt solutions than tn less chaofropte, 
or kosmotropic, salt solutions. Certain novel cationic polyelectmlytes, termed ionaie polymers, 
were reported (D, Casson and A. Remtaaum, MacromolecuJes, Vol. 5, No. 1, 1972, pp. 75-81) 
to be insoluble in either 0.4 M potassium fodide or 0.4 M potassium thiocyanate. It has also 

15 been reported (W-F. Lee and C-C. Tsal, J. Appl. Pdym. Sci., Vol. 52, pp. 1447-1458, 1994) that 
poly(tfimethyl acrylamldo propyl ammonium iodide) did rrat dissolve in 0.5 M Na^CIO^ or 0.5 
MNaNOb. 

Cert^n anionic organic salts, such as hydrotropes and surfactants, also lend to increase 
the solubility of substances in water. However, poty(aliylammontLjm chloride) was reported (T. 

20 Ita^a al-- J- FWym. Sd„ Pt. B: Polym, Phys., Vol. 32, pp, 17M77. 1994. and references 3, 
5 and 6 therein; also Macromolecules, Vol 26, pp. 6021-6026, 1993) to precipitate in solutions 
containing the sodium salt of p-ethylbenzenesu(fonate. p-propylbenzenesulfonale or 
naphthalenesutfonate. Poly<4-vinyl pyridine) quatemized with butyl chloride and 
poly{altylammonium chloride) were reported (M. Satoh, E. Yoda, and J. Komiyana, 

25 Macfomolecules, VoL 24, pp. 1123-27, 1991) to precipitate In solutions of NaJ and also in 
solutions containing the sodium salt of p-ethylbenzenesulfonate, respectively. Compositions 
comprising sulphonated hydrocaibon surfactants and hydrophilic cationic pdymeis were 
disclosed in U.S. Patent No. 5,130,358. f^ixtures of chaotropic salts, or arvonic organic salts, 
and kosmotropic salts may be used to precipitate cationic polymers as in U.S. Application Serial 

30 No. (attorney docket Na 96052), filed even dale herewith. 

Aqueous dispersions of water-soluble polymers are disclosed in U.S. 5,403*883; 
5,480.934; 5,541,252; EP 0 624 617 A1; EP 0 573 793 A1; and WO 95/11269. A problem 
remains In that the aqueous cBspersions exemplified in these references still have relatively 
high bulk viscosities. 
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A process for preparing crosslinked oopoly mer beads from water-soluble monomers 
In an aqueous solution contalnfng an Inorganic salt and a dispersant is disclosed In U.S. 
5,498,676 and EP 0 604 109 A2. Mixtures of aqueous disperslor^ and water-in-oil 
emulsions are disclosed in Hei 7-62254 and Hei 6-25540. The addition of a nonlonic 
surfactant and an oleaginous licfuid to an aqueous dispension to maintain fiowability is 
disclosed In U.S* Patent No. 5,045^87, Mlxtunes of catlonic polj^ers are disclosed In Sho- 
52-71392 and homogeneous blends of water-solublo polymers are disclosed in U.S. Patent 
No. 4,835,206 and EP 0 262 945 Bt, Bimodal catJonlcs for water clarincatlon are disclosed 
in U-S, Patent Nos. 4,588.508 and 4,699,951. Blends of water-in-oil polymer emulsions aie 
disclosed in U.S. Patent Applfcatlon Serial No. 08/408,743, 

In spite of the effort to make satisfaclory aqueous dispersions, the problem remains 
of producing aqueous dispersions of high molecular weight water soluble polymers that 
have advantageously low bulk viscosities, high active solids content, minimal quantities of 
dilutive material and that dissolve readily and can be prepared with a broad range of 
catJoniclty, 

Summary of tlie Invention 

This problem Is solved in the present invention by providing novel aqueous 
dispersions of high molecular weight vtrater-soluble or water-swellable polymers, as welt as 
processes for making and methods of using said aqueous dispersions. Accordingly, an 
aqueous dispersion of polymers Is provided which comprises: (a) a fiist catlonic water- 
soluble or water-sweltable potymen and (b) at least one second water-sotuble polymer 
different from said first polymen and (c) a kosmotrppic salt; and (d) a chaotropic salt, 
wherein the amounts of said (b), (c) and (d) are such that a homogeneous composition is 
obtained in the absence of said (b). In another embodiment, an aqueous dispersion of 
polymers is provided which comprises: (a) a first cationic water-soluble or water-swellable 
polymer; and (b) at least one second water-soluble polymer different from said first polymer; 
and (c) a kosmotropic salt; and (d) an anionic organic salt, wherein the amounts of said (b), 
(c) and (d) are such that a homogeneous composition is obtained in the absence of said 
(b). 

In another embodiment, an aqueous dispersion of polymers is provided which is 
comprised of (a) a discontinuous pi)ase containing polymer that is comprised predominately 
of a first cationic water-soluble or water-sweliabie polymer having at least one recuning unit 
of the formula (I), 
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(I) 

— CH2— c— 



^4 X- 



wherein R| I3 H or CH3, A is O or NH, B te an aHcylene or branched alkyiene or oxyalkyJene 
group having from 1 to 5 cart)ons, R2 1$ a methyl, ethyl, or propyl group, R3 is a methyl, 
S ethyJ, or propyl group* R4 is a methyl, ethyl or propyl group, X Is a counterion, and R2, R3, 
and R4 together contain a total of at least 4 caiten atoms; and (b) at least one second 
water-sdutrie polymer different from said first polymer. 

In another embodiment, an aqueous dispersion of polymers is provided which 
comprises: (a) a first cationic water-soluble or water-swellabie polymer having at least one 

10 recurring unit of the formula (I), wherein R^ is H or CHs^ A Is O or NH, B is an alkyiene or 
branched alkyiene or oxyalkylene group having from 1 to 5 carbons, R2 is a methyl, ethyl, 
or propyl group, R3 Is a methyl, ethyL or propyl group, R4 Is an alkyi or substituted alkyi 
group having from 1 to 10 carbons, or an aryl or substituted aryl group having from 6 to 10 
cartx)ns, X Is a counterion^ and R^, R3, and R4 together contain a total of at least 4 carbon 

15 atoms; and (b) at least one second water-soluble polymer different from said first polymer, 
wherein a homogeneous composition is obtained In the absence of said (b). 

In another embodiment, a process for making an aqueous dispersion of poiymers 
IS provided whicii comprises polymerizing vinyl-addition monomers to fomi an aqueous 
dispersion comprised of a first cationic water-soluble or water-swellable polymer, wherein 

20 said polymerizing is carried out in the presence of an aqueous composition comprised of 
(a) at least one second water-soluble polymer different from said first polymer, (b) a 
kosmotropic salt: and (c) a chaotropic salt, wherein the amounts of said (a), (b) and (c) are 
such that a homogeneous composition is obtained if said poiymerizing is carried out in the 
absence of said (a). 
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In another embodiment, a pfX)ce8S for making an aqueous dispersion of polymers 
is provided which comprises polymerizing vinyl-addition monomers to lomn an aqueous 
dispersion comprised of a first cat'onic water-soluble or water-sweJIable polymerp wherein 
safd polymerizing Is carried out (n the presence of an aqueous compositlcHi comprised of 
(a) at least one second water-soluble polymer different from said first pofymen (b) a 
kosmotropic salt; and (c) of an anionic organic salt, wherein the amounts of said (a), (b) and 
(c) are such that a homogeneous composition rs obtained if said polymerizing is carried out 
in the absence of said (a). 

In another emtxJdlment, a process for making an aqueous dispersion of polymers 
is provided which comprises polymerizing vinyi-addition monomers comprised of at least 
one monomer of the fomiuta (If) to form an aqueous dispersion comprised of a first cationic 
water-soluble or water-swellable polymer, 



(II) 



(p=o 

I 

R4 x" 



wherein Hi Is H or CH3. A Is O or NH, B is an alkylene or branched alkylene or oxyalkylene 
group having from 1 to 5 carix)ns, is a methyl, ethyl, or propyl group. Rg is a methyl, 
ethyl, or propyl group, R4 is a methyl, ethyl or propyl group, X is a counterion. and R2, R3, 
and R^ together contain a total of at least 4 carbon atoms; and wherein said polymerizing 
is carried out In the presence of an aqueous composition comprised of at least one second 
water-sotuble polymer different from said first polymer. 

In anoHier mibodiment, a process for making an aqueous dispersion of polymers 
Is provided whicdi comprises polymerizing vinyl-addltion monomers comprised of at least 
one monomer of the formula (II) to form an aqueous dispersion comprised of a first water- 
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soluble or water-swellaUe cationic polymer, wherein is H or CHg, A Is O or NH, B is an 
aliqriene or branched alkyJene or oxyallcylene group having from 1 to 5 carbons, is a 
methyl, ethyl, or propyl group, Rg Is a methyl, ethyl, or pnDpyl gjoup, R4 is an aikyi or 
substituted ailcyl group having from 1 to 10 cartx>nsr or an aiyl or substituted aryl group 
5 having from 6 to 10 carbons, X fs a counterion, and Rg, R3, and R4 together contain a total 
of at least 4 carb(xi atoms; arKi wtierein said polymerizing is carried out in the presence of 
an aqueous compositicNi comprised of an amount of at least one second water-solubie 
polymer different from safd first polymer; and wherein safd amount of said second polymer 
is such that a homogeneous composition is obtained if said polymerizing is carried out En 

10 the absence of said second polymer 

In another emtrodiment, a process for blending two or more aqueous dispersions 
Is provided, comprising intermfxing (a) a first aqueous dispersion of a water-soluble or 
water-swollable polymer with (b) a second aqueous dispersion of a water-soluble or waler- 
swellable polymer, wherein said (a) is different from said (b), to form a third aqueous 

15 dispersion. 

In another embodimentp a method of dewatering a suspension of dispersed solids 
is provided which (a) intermixing an aqueous dispei^ron of polymers, or aqueous admixture 
thereof, in an amount effective for dewatering, with a suspension of dispersed solids, and 
(b) dewatering said suspension of dispeised solids^ said aqueous dispersion being 

20 comprised of (i) a first cationic water-soluble or water^wellable polymer; and (ii) at least 
one second water-soluble polymer different from said first polymer; and (iii) a Icosmotropic 
salt; and (iv) a chaotropic salt, wherein the amounts of said (ii), (ill) and (iv) are such that 
a homogeneous composition is obtained in the absence of s^d (ii). 

in another embodiment, a method of dewatering a suspension of dl^sersed solids 

25 is provided which comprises (a) intermixing an aqueous dispersion of polymers, or aqueous 
admixture thereof, in an amount effective for dewatering, with a suspension of dispersed 
scdids, and (b) dewatering said suspension of dispersed solids, said aqueous dispersion 
being comprised of (i) a first cationic water-soluble or water-swellable polymer; and (ii) at 
least one second water-soluble polymer different from said first polymer; and (HI) a 

30 kosmotropic salt; and (iv) an anionic organic salt, wherein the amounts of said (ii), (lit) arrd 
(iv) are su<^ that a homogeneous composition is obtained in the absence of said (II). 

In arH)ther emtKXiiment, a method of dewatering a suspension of dispersed solids 
Is provided which comprises (a) intenmixing an aqueous dispersion of polymers, or aqueous 
admixture thereof, in an amount effective for dewatering, wtth a suspension of dtepersed 

35 solids, and (b) dewatering s^d suspension of dispersed solids, said aqueous dispersion 
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being comprised of (i) a discontinuous phase containing polymer that is comprised 
predominately of a first cationic water-soluble or water-sweriable polymer having at least 
one recumng unit of the fomiula (I), ¥/herein rs H or CHg, A Is O or Nl-I, B js an alkylene 
or branched alkylene or oxycMcylene group having from 1 to 5 cart>ons, R2 is a methyl, etl^l, 
S or propyl group, is a methyl, eti^, or propyl groupp R4 is a metliyl, ethyl or propyl gioup, 
X is a countenon, and R^. R^p and R4 together contain a total of at least 4 carbon atoms; 
and (li) at least one second water-soluble polymer different from said first polymer. 

in another emlDOdiment. a method of dewatering a suspension of dispersed solids 
is provided which comprises (a) intermixing an aqueous dispersion of polymers, or aqueous 

10 admixtuFB thereof, in an amount effective for dewatering, with a suspension of dispersed 
solids, and (b) dewatering said suspension of dispersed solids, said aqueous dispersion 
being comprised of (i) a first cationic water-sofubfe or water-sweliabie polymer having at 
least one recurring unit of the formula {I), wherein is H or CH^. A is O or NH, B is an 
alkylene or branched all<ylene or oxyaflcyiene group having from 1 to 5 carbons, is a 

15 methyl, ethyl, or propyl group, Rg is a methyl, ethyl, or propyl group, R4 is an afkyi or 
substituted alkyi group having from 1 to 10 caritons, or an aryl or substituted aryl group 
having from 6 to 10 carbor>s, X is a counterion, and R2. R3, and R4 together contain a total 
of at least 4 caibon atoms; and {il) a! least one second water-soluble polymer different from 
said first polymer, wherein a homogeneous composition is obtained In tfie absence of said 

20 (it), 

in anotlier embodiment, a process for pnxhjcing substantially dry water-solubte or 
water-swellable vinyl-addition polymer particles Is provided wNch comprises (a) spray-drying 
a vlnyt-addrtion polymer-oontsdning aqueous dispersion into a gas stream with a residence 
time of about 8 to about 120 seconds and at an outlet temperature of about 70*" C to about 

25 150*" C and (b) ccrflecting resultant polymer particles. 

In another embodiment, substantially diy water-soluble or water-swetlable polymer 
particles are provided which are comprised of (a) a first cationic water-soluUe or water- 
swellable polymer; and (b) at least one second water-soluble polymer different from said 
first polymer; and (c) a kosmotropic salt; and (d) a chaotroplc salt, wherein about 90% or 

30 more of said polymer partteles each individually contains lx>th said (a) and said {b), said 
particles having a bulk density of about 0.4 grams per cubic centimeter to about 1.0 grams 
per cubic centimeter 

In another embodiment, there rs provided a method comprising (a) Intemilxing a 
composition comprising substantially dry water-solutrfe or water-swellaWe polymer particles 

3S comprised of (1) a first cationic water-soluble or water-swellable pdymen and (ii) at least 
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one seoond water-soluble polymer different from said first potymer and (lii) a Icosmotropic 
salt; and (iv) a chaotrofric salt, wherein about 90% or more of said polymer particles eacli 
Individually contains botii said (i) and said (11), said particles having a bulk density of about 
0.4 grams per cubic centimeter to about 1.0 grams per cubic centrmeter, with water to form 
5 an aqueous polymer admixtuie, (b) inteimlxlng said aqueous polymer admixture, in an 
amount effective for dewatering, wHh a suspension of dispersed solids, and (c) dewatering 
said suspension of dispersed solids. 

In another emIxxJiment there is provided a method comprising (a) inteimixing a 
composition comprising substantially dry water-soluble or water-sweflable polymer particles 

10 comprised of (i) a first cationic water-soluble or water-swellable polymer; and (rr) at least 
one second water-soluble polymer different from said f[rst polymer; and (ill) a l<osmotnopfc 
salt; and (iv) an anfonic organic salt, wherein about 90% or more of said polymer particles 
each individually contains both said (i) and said (ii), said particles having a bufk density of 
about 0-4 grams per cubic centimeter to about 1.0 grams per cubic centimeter, with water 

15 to form an aqueous polymer admixture, (b) intermixing said aqueous potymer admixture, 
\n an amount effective for dewatering, with a suspension of dispersed solids, and (c) 
dewatering said suspension of dispersed solids. 

In another embodiment, thiere is provided a method comprising (a) intermixing a 
composition comprising substantially dry water-soluble or water~sweliat>le polymer particles 

20 comprised of (i) a first cationic water-soluble or water-swellable polymer having at least one 
recurring unit of the fomiula (1), wherein is H or CH3, A is O or NH, B Is an alkylene or 
branched alkylene or oxyalkytene group tiavlng from 1 to 5 carbons. is a methylr ethyl, 
or propyl group, is a methyl, ethyl, or propyl group, Is an alkyi or substituted alkyl 
group having from 1 to 10 carix>ns, or an aryl or substituted aryl group having from 6 to 10 

25 carbons, X is a counterion, and Rg, Rg, and R4 together contain a total of at least 4 cari3on 
atoms; and (ii) at least one second water-scriuble polymer differmt from said first polymer, 
wherein atKxit 90% or more of said polymer particles each individually contains both said {\) 
and said (11), ssdd particles having a bulk density of about 0.4 grams per cubic centimeter 
to about 1 .0 grams per cutric centimeter* virith water to form an aqueous polymer admixture, 

30 (b) Intermixing said aqueous polymer admixture, in an amount effective for dewatering, with 
a susperision of dispersed solids, and (c) dewatering said suspension of dispersed solids. 
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Detailed Description of Preferred Embodiments 



The aqueous dispersions of the Instant invention contain a first catlonic water- 
soluble or water-swellabie polymer, preferably a vinyl-addition polymer. The CBSonic charge 
of said first catfonic polymer may vary over a broad rar^e by containing from about l% to 
about 100% cafionic recurring units, preferably about 5% or greater* mote preferably about 
10% or greater, even more preferably about 20% or greater, most preferably about 30% or 
greater, preferably about 90% or less, more preferably atx)ut 80% or less, most pref^bly 
about 70% or less, by mole based on total moles of recurrir^g units rn said first catlonic 
polymer. Catlonic recurrrng units may be formed by post-reaction of polymer, but are 
preferably formed by polymerization of cationlc monomers. Catlonic monomers may include 
any catlonic monomer, including diallyldialkylammonium halide, catlonic (meth)acrylates, 
and catlonic (met h)acfy I amides commonly used in preparing water-soluble polymers, 
preferably diallyldlmethylammonium halide, as well as acid and quatemary salts of 
dialkylamlnoalkyl(all()acrylate and dia[kylaminoalkyl{aik)acrylamlde. Catlonic recurring units 
may be formed by the polymerization of quaternrzable monomers such as 
dialkylaminoalkyKalk)acryiate or dralkylaminoaHcyl(afk)acrylamide, foflowed by acidification 
or quatemization. Most preferably, the first catlonic polymer contains catfonic recurring units 
of the formula (i), preferably formed by polymerization of the corresporKling monomers of 
the formula (11): 



(1) 
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(M) 




5 wherein is H or CHg, A is O or NH, B is alkylene or branched aikylene or oxyali<ylene 
having from 1 to 5 cartxxis, Rg and Rg are each Individually methyl^ ethyt, or propyl, Is 
an alkyi or substrtuted allcyl group having from 1 to 10 carbon atoms, or an aryl or 
substituted aryl group having from 6 to 10 carbon atoms, X Is a counterfon, and Ra, R3 and 
R4 together contain at least a total of 4 cartx>n atoms, preferably at least 5 cartx)n atoms. 

10 In certain prefen-ed embodiments. R4 is a methyf, ethyl or propyl group. In other preferred 
embodiments, R4 Is an a»<yl or substituted alky I group having from 4 to 10 carbon atoms. 
In other preferred embodiments, is benzyl. Preferably, X is chloride, bromide, iodide, 
methylsulfate, or ethylsuKate* 

The first cationic water-soluble or water-sweilable polymer may be a copolymer and 

15 may contain other cationic recurring units or nonionic recurring units. Nortionic recurring 
units may be formed from water-soluble morK>mers such as N-vinylpyridinOp N- 
vinylpyrrolldone. hydroxyalkyt(meth)aciylates. etc., preferably (meth)acrylamide, or may be 
formed from hydrophobic monomers having low water-solubility, so long as the Inclusion of 
the poorly water-soluWe. e.g. hydrophobic, recurring units does not render the resulting 

20 polymer water-Insoluble or water-nonswellabte. The first cationic polymer may contain 
amounts of recurring units of water-soluble non-ionic morKxners ranging from 0% to about 
99%. preferably about 10% or greater, more pr^erably about 20% or giBater, most 
preferably about 30% or greaten preferably about 90% or less, more preferably about 80% 
or less, most preferably about 70% or less, by mole based on total moles of recurring units 

11 
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in said polymer The hydrophobic monomers may be hydiocarbon monomers e.g. styrene^ 
butadiene, 1-alkene, vinyl cycfohexane, etc., other vinyj monomers such as vinyl halider 
other primarily aliphatfc or aiomatrc compounds with polymerizable double bonds* or 
monomers with only moderate water-solubfBty such as acrylonilrile. Preferably, the 
hydrophobic monomers are alkyi (alk)acrylates or aiyl (alk)acfylates in which the alkyl or 
aryl groups contain sdXKjt M2 carbon atoms, such as methyl (meth)acrylate, ethyl 
(meth)acr5rtate, propyl {meth)aciylate. buljrf (mem)acryrate, hexyt (meth)acrylate, ethylhexyl 
{meth)acrytete, isoalkyl (meth)aci^te, cyclohexyl (meth)acrylate, or aromatic 
(meth)acrylate, or alkyI or aryl (alk)acrylamides in which the alkyI or aryl groups contain 
about 1-12 carbon atoms, such as methyl (meth)acrylantide. etliyl (meth)acrylamide, t-butyl 
(meth)acrylamide, dimethyl (meth)acrylamide, hexyl (meth)acrylamide, ethylhexyl 
(meth)acrylamlde, IsoalkyI (meth)acfylamide. cyclohexyl (meth)acrylamide. or ammatic 
(meth)acrylamlde. The first catlonic water-soJubJe or water-swellable polymer may contain 
amounts of hydrophoWc non-tonic recurring units ranging from 0% to about 15%. preferably 
about 2% to atx)ut 10%, by mole based on total moles of recurring units in said polymer. 
Although hydrophobic recurring units may be dilutive of the polymer effect in certain 
applications, irK^lusion in controlled amounts may advantageously affect a particular 
characteristic of the aqueous dispersion, e.g. solubility rate, bulk viscosity, cost, ease of 
processing, performance, etc. Depending on the specific embodiment, it may be preferable 
for the polymer to be devoid of hydrophobfc recurring units, or to contain chosen amounts 
of hydrophoUc recurring units so as to achieve an advantageous effect without 
disadvantageously increasing the dilutive effect. 

The £unount of the first catlonic water-soluble or watdr-sweHable polymer in the 
aqueous dispersion is as high as practicablep taking into account the effect of high solids 
on bulk viscosity, preferably about 5% or greater, more preferably about 10% or greater, 
most preferably about 20% or gieatetp by w^ght based on the total weight of the aqueous 
dispersion. Generally, the solids are not increased above an amount which increases ttie 
bulk viscosity to an Impractical level. Practically, the amount of first catronte polymer in the 
aqueous dispersion is about 75% or less, preferably about 60% or less, more preferably 
about 50% or less, by w^ht leased on total weigfit. Tlie weight average molecular weight 
of the first catfonrc polymer in the aqueous dlsper^on is not critical and depends on the 
application, but is generally higher than about 1,000,000, preferably greater than about 
2,000,000, more preferably greater than about 5,000,000, and most preferably greater than 
about 10,000,000, Molecular weights of polymers are weight average and may be 
determined by means known to those skilled in the art, preferably tiy light scattering. 
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The aqueous dispersions of the instant invention are geneially comprised of a 
discontinuous phase of small aqueous droplets* containing polymer that is comprised 
predominately of the first catlonic water-soluble or water-swellable polymer, that are 
dispersed in the aqueous continuous phase, although of course minor amounts of said first 
polymer may fc^e found in the continuous phase. Thus, the first cationic water-soluble or 
water-sweHable polymer generally constitutes more than 50%, preferably more than 75%, 
of the polymer in a typical small aqueous droplet The amount of first caHonio polymer in 
the discontinuous and continuous phases may be determined by known analytical 
techniques e.g. Raman microscopy. Although large aqueous droplets or gel particfes m^ 
be formed by adding dry or gel polymer to the other components as in U.S. Patent No. 
4,673,704 and EP 0 170 394 A2, the aqueous dispersions of the instant invention are 
preferred because It is generally more desirable for the first catlonic polymer to be in the 
form of small droplets which are generally held suspended in a continuous matrix of the 
aqueous ptiase and do not generally rest substantially in contact wfth one another. 
Although aqueous dispersions prepared l^y polymerizalion of mofKjmers as herein described 
may sometinnes have an average droplet size of about 30 microns or more, the average 
droplet size rs generally iess than about 30 microns, preferably less ttian 20 microns, more 
preferably about 15 microns or (ess. Droplet size of a non-spherical drc^Jlet is the length 
along a major axis. Droplet size and shape tend to t>e a function of reactor conditions such 
as stirring rate, reactor configuration, type of stirrer, etc. Preferably, the size of the droplets 
Is chosen by carrying out the polymerization in the presence of one or more insoluble 
polymeric seeds, said polymeric seeds being insoluble In an aqueous solution having the 
same Inorganic salt concentration as said aqueous dispersion. 

The aqueous dlspeislons of the Instant invention contain a second water-soluble 
polymer, preferably a vinyl-addition polymer, that is different from and^ preferably, 
Incompatible with, said first water-soluble or water-sweli£^le cationic polymer. The second 
polymer Is different from the first polymer when It can be distinguished from the first polymer 
on the basis of a particular physical characteristic e.g. chemical composition, cfiarge, 
molecular weight, molecular wei^ distribution, cfistrlbution of recurring units along the 
polymer chain, etc., by known characterization m^hods e.g, spectroscopy, chromatography, 
etc. The second polymer is incompatible with the first polymer when solutions of tiie two 
polymers, at tfie concentrations present in the aqueous dts|3ersion, do not form a 
homogenous mixture when blended, or do not form a homogenous mixture wtien one 
polymer is formed by polymerization of monomers in the presence of the other polymer. 
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The seccMid, preferal>ly cationic, water-soluble polymer In the aqueous dispersion 
of the instant Invention Is generally dissolved in the aqueous continuous phase, although 
of course min<x amounts may be found In the drscontfnuous phase. The amount of second 
polymer In the discontinuous and continuous phases may be detemiined by known 
5 analytical techniques e.g. Raman microscopy. The second polymer may be any nonionic 
water-soluble polymer, preferably a polyaikyleneoxlde, a poiyvinyiaJcohol, polyvlriylpyrldine» 
polyvlnylpyroilidone, poiyhydroxylalkyl(alk)acrylate, etc., most preferably 
poly(meth)acfylamide* Even mone pnefeiably. the second water-soluble polymer Is cationic. 
The second polymer may be any cationic polymer, and the charge may vaiy over a broad 

10 range tiy containing at}OUt 1% to about 100% catronic recurring units, preferably atx)ut 10% 
or greater, more preferably about 20% or greater, even more preferably about 30% or 
greater, by mole based on total moies of recurring units In ihe polymer. Although in some 
cases the second cationic polymer may contain alxjut 70% or less, or even about 50% or 
lesSp of cationic recuning units, preferably the second polymer is predominately catioriic i.e. 

15 contair>s more than 50% cationic recurring units, by mole based on total moles of recurring 
units in the polymer; most preferably about 80% or greater of recurring cationic units, same 
basis. Cationic recurring units may be formed by polymerization of cationic monomers or 
by post- reaction of polymer as atwve, and may be a copolymer and may contain ott>er 
cationic recurring units or nonionic recurring units as above, Prefenred second catronic 

20 water-solubte polymers contain recurring units of diailytdialkylammonium halide, methyl 
chloride quaternary salt of dialkylaminoalkyl(alk)acrylate, dimethyl sulfate quaternary salt of 
dialkylaminoalkyl(alk)acrylate, methyl chloride quaternary salt of 
dialkyiamlnoalkyl(alk)acrylamide, or dimethyl sulfate quaternary salt of 
dialkylaminoalkyl(aSc)acrylamlde. Especially preferred seccHDd cationic water-soluble 

25 polymers contain recurring units of dlallyldimethylammonlum chloride, methyl chloride 
quatemary salt of dlmethylaminoethyl<meth)acrylate, or dimethyl sulfate quaternary salt of 
dimethylaminoetiiyl(meth)acfylate. One or more second cationic polymers may be used. 

Depending on the a|:q)iicatlon, it may be preferable for the secorKi polymer to be 
cationic in order to maximize the cationic charge density of the aqueous dispersion. Also, 

30 for embodiments which contain salt, it may be preferable for the second polymer to be 
cationic because cationic polymers are often more soluble in salt solution than nonionic 
polymers. 

The amount of tfie second, preferably cationic, water-soluble polymer in the 
aqueous dispersion is generaWy chosen to control aqueous dispersion properties e.g. 
35 performance, butk viscosity, charge, molecular weight, solubility rate, physical stability, e.g. 
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settling, etc. Generallyt the amount of said second polymer is at>out 5% or greater, 
preferably about 10% or greater, moie preferat^y at>out 20% or greater, moet preferalsly 
about 30% or greater, by weight based on the amount of first catronJc water-soluble 
polymer. Practically, the amount of second water-soluble polymer in the aqueous dispersion 
5 is 100% or less, preferably about 60% or less, more preferably about 50% or Jess, by 
weight based on the amount of first catlonic water^oluble polymer. In certain pieferred 
embodiments, the amounts of the first and secorHl polymers are effective to form an 
aqueous dispersion. In some embodiments, an aqueous dispersron is rK>t formed in the 
at^enoe of the second polymer, and a homogeneous composition is obtained instead. 
10 Practically, the amount of first and second polymer may be found by routine 
experimentation, and different amounts will ordinarily be used depending on the identity of 
the first and second polymers, the total polymer solids level, the bull< viscosity, cost, ease 
of production, product performance, etc. 

The weight average molecular weight of the second water-solut>le polymer in the 
15 aqueous dispersion is also generally chosen to provide the most advantageous effect, e.g. 
bulk viscosity, performance, cost, etc*, but is generally higher than about 10,000, preferably 
greater than about 50.000, more preferably greater than about 500,000, and most preferably 
greater than about 1 ,000,000. Molecular weights of polymers are weight average and may 
be determined by means known to those skilled in the art. preferably by light scattering. 
20 The second water-sotuble polymer Is primarily in the continuous phase of the aqueous 
dispersion, aJttiough of course minor amounts may be contained in the dispersed droplets. 
Preferat)ly, the aqueous dispersions of tfie instant invention are heterogeneous 
compositions In which more than 50%, preferably about 75% or more, of the first cationic 
water-sotuble or water-sweilal^le polymer is in the form of a discontinuous phase of aqueous 
25 droplets that are dispersed in an aqueous solution that is comprised of more than 50%, 
preferably about 75% or more, of the second, preferably catlonic, water-soluble polymer. 

The aqueous dispersions of the instant invention may contain a third water-soluble 
CMT water-sweliable polymer that is different from the first or second polymers. For instance, 
the third pofymer may also be contained in droplets dispersed in the aqueous solution, in 
30 which case it may be described as discussed above for the first cationic polymer, Ttie third 
polymer may also be dissofved in the aqueous solution along vAth the second polymer, in 
which case it may be described as discussed at)ove for the second polymer. Preferably, 
the third polymer is cationrc. 

A third aqueous dispersion, containing three or more polymers, may be fomied by 
35 blending first and second aqueous dispersions of the instant Invention, wherein tf^ first and 
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second aqueous dispersions are different from each other Blending is generally carried 
out by Intermixing the aqueous dispersions, typically with stirring. Blending may be 
advantageous to achieve a balance of propeilfes exhibited by the indivfduaJ aqueous 
dispersions, e.g. perfonnance, charge, total polymer solids, cost, molecular weight, etc. 
Surprisingly, in many cases the tAen6s are stable, e.g. remain in the form of aqueous 
dispersions having low bulk viscosity e.g. less than 10,000 centfpolse for periods of one 
week or more, even wfien the salt or second polymer level In the blend Is greatly different 
fn^m the level needed to obtain a stable piDduct for one or both of the dispersed polymers, 
If formulated ^one. Also surprisingly, the bulk viscosity of the blend is often lower than the 
bulk viscosity of any of the Individual aqueous dispersions. 

The molecular weight of the aqueous dispersion, as that term Is used herein, is 
simply the weight average molecular weight of the polymers contained therein, obtained by 
subjecting the entire dispersion to a suitable molecular weight characterization technique 
e.g. light scattering. Stnce the aqueous dispersion contains two or more different polymers, 
each of which may have a molecular weight and molecular werght distribution different from 
the other(s), the molecular weight distribution of the aqueous dispersion may be mulllmodaL 
The mdecutar weight of the aqueous dispersion is generally about 1,000,000 or greater, 
preferably greater than 2,000,000, more preferably about 3,000,000 or greater, most 
preferably about 5,000,000 or greater. 

in some cases It may be more convenient to characterize the aqueous dispersion 
in terms of standard viscosity Instead of by molecular weight. As used herein, "standard 
viscosity" is determined by: diluting an aqueous dispersion with water to form an aqueous 
admixture (in the case of water-swellable polymers} or solution (in the case of water-soluble 
polymers) having a polymer concentration of about 0.2%; mixing together 8-0 g of this 
aqueous admbcture or solution with 8.6 g of 2M NaCI; and then measuring the viscosity of 
the resultant mixture at ZS'^C on a rotating cylinder viscometer e.g. Brookfield Viscometer 
equipped vnth a UL adapter at 60 fpm. Tbe standard viscosities of the aqueous dispersions 
of the instant invention are generally about 1.5 centipoise or greater, preferably about 1.8 
centipojse or greater, more preferably about 2.0 centipoise or greater^ most preferably about 
2.5 c^tipolse or greater, depending on the appltcatlon. 

The aqueous dispersions of the Instant invention may also be Intermixed with 
water-in-oll emulsions or mteroemulsfons of water-soluble polymers to fonm composlftons 
which, though they contain oil, contain proportionately less oil than the water-in-oil 
emulsions or microemulslons from which they are derived. Consequently, these 



16 



wo 98/14406 



PCT/US^>1M47 



compositions may advantageously produce less secondary pollution, have lower 
flammabil[ty» etc. 

Certain embodiments of the instant invention require saJL Effective amounts of salt 
tend to reduce the bulk viscosity of the ac^^eous dispersion. The salt may be any inorganic 
5 salt, prefene^ a kosmotropic salt e,g. a chloridep sulfate, phosphate, or hydrogenphosphate 
salt, more preferably ammonium sulfate, sodium chloride, and sodium sulfate, most 
preferably sodium sulfate and ammoruum sulfate. The counterton may be any counterion, 
e.g. Group lA and Group IJA metaJ ions, ammonium, etc., preferably ammonium, sodium, 
potassium and magnesium. Mixtures of salts may be used, and the amount of salt may be 

10 chosen to achieve a desirable bulk viscosrty or any other desirable effect. Since the salt 
may have a dilutive effect, in certain pn&ferred embodiments the salt rs only added in 
amounts so as to achieve a homogeneous composition in the absence of the second water- 
soluble polymer, in these embodiments , the aqueous dispersion is not formed by the action 
of the salt, but by the interaction of the first and second polymers. Effective or viscosity* 

15 reducing amounts of salt may be found through routine experimentation and are generally 
chosen to reduce the t>u1k viscosity without causing precipitation of ttie polymer, in other 
preferred embodiments, the salt Is only added in amounts so as to achieve a homogeneous 
composition In the absence of the first cationic polymer, in embodiments where salt is 
helpful but not necessary, salt levels may range upwards from 0%, preferabfy about 3% or 

20 greater, most preferably akx)ut 5% or greater, by weight based on total weight, depending 
on the upper limit to soiubllltyp because solubility of the salt in the aqueous dispersion is 
preferred. In embodiments where salt is necessary, salt levels are chosen to favorably 
Influence product attributes such as cost bulk viscosity, etc. and may range upwards from 
about 1%, preferably about 3% or greater, most preferably about 5% or greater, by weight 

25 based on total wei^t, deperxllng on tfie upper limit to solubility, because solut)ility of the 
salt in the aqueous dispersion is preferred. Frequently, no practical effect of the salt is 
observed above about 30%, so salt levels are generally about 30% or less, preferably about 
25% or less, by weight based on total wei^t. Practically^ the salt level may be determined 
by HDUtlne experimentation, e.g, balancing the tendency for positive product attributes e.g. 

30 lower bulk viscosities resulting from higher salt levels, against the negative aspects of salt 
use e.g. cost and dilutive effect 

Surprisingly, It has been discovered that mixtures of chaotropic salts with 
kosmotrqDte salts» or anionic origanic salts with kosmotropic salts, have a tendency to 
reduce the bulk viscosity of the aqueous dispersion. In many cases, the salt mixture is 

35 more effective than either salt alone, on a weight basis. Useful chaotropte salts include 
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thiocyanates, perchlorates, chlorates, nltiates, bromides, Iodides, acKt mixtures thereof* 
preferably sodium thiocyanate and sodium Iodide. Useful anionic organic salts lr>clude 
anionic surfactants and anionic hydrotro|[ric salts, preferably aryl and substituted aryl 
sulfonates tiaving from 6 to 22 cart>ons, preferably 6 to 18 carixxis, and alkyi and 
S substituted alkyI sulfonates having from 2 to 22 carbons, preferably 4 to 18 carbons* and 
mixtures tliereof. Espedally preferred anionic organic salts are dialkylsultosuccinates, 
diaiylsulfosucclnates, benzenesulfonates, benzenedisuKonates, naphthalensulfonates, 
naphthaienedlsulfonates, and mixtures thereof; 1,3-benzendisuifonates are most prefened. 
Counterlons to the chaotropic and anionic orgar^c salts may be any typical counterion, e.g. 

10 Group lA metal Ions, ammonium, etc., preferably ammonium, sodium, and potassium. 
Effective or viscosity-redudng amounts of chaotropic and anionic organic salts may be 
found through routine experimentation and are generally chosen to reduce the bulk viscosity 
without causing precipitation of the polymer In certain preferred embodiments, ttie amounts 
of chaotropic salt, or anionic organic salt, and kosmotropic salt are chosen such that a 

15 homogeneous composition is obtained In the absence of the second cationic polymer te, 
the concentration of the salts is such that the first cationic polymer is not precipitated in the 
absence of the secorxj cationic polymer Generally, amounts of chaotropic, or anionic 
organic, salts are about 10% or less, preferably about 5% or less, and generally 0.5% or 
more, preferably 1% or more, by weight based on total weight. At very low chaotropic or 

20 anionic oiganic salt levels, the viscosity-reducing effect of the salt is negligible, whereas the 
salt may cause undesirable precipitation or layering at high levels of incorporation. To 
achieve a certain Ixilk viscosity, amounts of kosmotrof^c salts used with the chaotropic. or 
anionic organic scat, are generally less than when the kosmotropic salt is used alone, but 
still wrtNn the ranges given above for the use of Inorganic or kosmotropic salts alone. 

25 The aqueous disperskxis of XhB instant invention generally have lower bulk 

viscosities than comparable aqueous dispefSlons^ A comparable aqueous dispersion is 
gently one which Is substantially Identical in many functional aspects, but lacks a 
particular element of the instant invention. In general, the aqueous dispersions of the 
instant Invention have lower bulk viscosities than comparable aqueous dispersions which 

30 have substantially the same polymer sdlds, cationic charge level and weight average 
molecular weight, but which lack an important feature of the instarrt Invention e.g. lack a 
recurring unit of formula (i); lack the amount of recurring units of formula (1) found In the 
aqueous dispersions of the instant Invention; not made by a process which comprises 
polymerizing vir^l-addition monomers comprised of at least one monomer of the fomiula 

35 (11); not made tiy a process ^Artl1ch comprises polymerizing vir^l-addition monomers 



18 



wo 98^4405 FCT/US97/I6647 

comprised of the amount of monomers of the fomiula 00 tised in the processes of the 
Instant Inventloni eta For Instance, in a composition comprising an aqueous dfs|3erston 
comprised of: (a) a discontinuous phase containing polymer that is comprised predominately 
of a first catlonic water-solul^le or water-swellable polymer having at least one recurring unit 
S of the fomiula (1), arKt (b) at least one second water-soiuble polymer different from said first 
polymer, a comparable aqueous dtspersion may be one which contains the same amount 
of each component, except the Rs. Fl, and R4 in the corresponding recurring formula (I) unit 
of the comparatrie aqueous dispersion together contain a total of 3 carbon atoms, instead 
of thie 4 or more cartxxis In the corresponding recurring unit of formula (I) in the claimed 

10 aqueous drspension. 

Surprisingly, aqueous dispersions having fomiida (i) recurring units in which R^, Rg 
and R4 contain four or, preferably p five carbons gerteraliy have bu\k viscosities wfiich are 
dramatically lower than the bulk viscosities of aqueous dispersions that are substantially 
identical except that R^, R3 and R4 contain only three cartoons. Ti^ bulk viscosity of 

IS aqueous dispersions is typically influenced by e.g. total polymer solids^ salt Jevel, polymer 
type, ratio of first cationic polymer to second cationic polymer, etc. as disclosed herein. 
Mhough aqueous dispersions liavtng bulk viscosities of about 20,000 centiporse (cps) or 
more, or even about 200,000 cps or more may l>e suitable in certain circumstances, much 
k>wer bulk viscosities are generally preferred for ease of handling. Aqueous dispersions 

20 tiaving bulk viscosities of sd30ut 20,000 centipoise (cps) or less, preferably about tO,000 cps 
or less, more preferably about 8,000 cps or less, even more preferably about 5,000 cps or 
less, most preferably about 2,500 cps or less, may be obtained by the practice of the instant 
invention. Buffc viscosity may be measured by any convenient method known to those 
sMIIed in the art, preferably a rotating cylinder viscometer as described in the Examples 

25 below. 

Aqueous dispersiOTS are preferred which have as many of the following 
advantageous attrtt)utes as possible: relatively high cationic polymer solids, preferably 20% 
or greater, more preferably 25% or greater, by weight based on total; high molecular weight, 
preferably 2,000,000 or greater, more preferably 5,000.000 or greater; reduced 
30 environmental impact (low VOC, substantialiy free of organic solvents and aromatic groups. 
e.g. aromatic- or berizyl-containing oils or recurring units); minimal levels of diluents 
(preferably, 20% or less dt salt, t)y weight based on total, and polymer devoid or 
substantially free of hydropiK>bIc recurring units); bulk viscosity about 2,000 cps or less; for 
recurring units based on formula (I), R2, and R4 together containing a total of 5 carbons; 
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and superior or equtvalent performance* Products having all of these attributes may be 
obtained by tlie practice of the present invention. 

Aqueous dispersions of water-soiuble polymers are preferably formed by 
polymerization of the corresponding monomers to fomi the first catiorric water-soluble 
S polymer, in the presence of at least one second catlonlc water-sofubFe polymer and, (n 
certain embodiments, an Inorganic salt Polymerizatfon may be effected by any initiating 
means. Including redox, themial or irradiating types. Examples of preferred Initiators are 
2,2*-azobls{2-ampdino-propane)dihydrochloride (V-50). 2»2'-azobis(isobutyronitrile), sodium 
bromate/sulfur dioxide, potassium persulf ate/sodium sulfite, and ammonium 
10 persulfate/sodium sulfitep as well as peroxy redox initiators e,g, those disclosed In U.S. 
4,473,689. Initiator levels are chosen In a known manner so as to create polymers of the 
desired molecular weight. Amounts of chain transfer agents, e.g. Isopropanol, lactic acid, 
mercaptoethanoir etc. and branching or crosslinking agents, e.g. methylenebisacrylamide 
may be added In a known manner to further adjust the properties of the first cationic water- 
15 soluble polymer. Depending on the production conditions, e.g. types and relative amounts 
of chain transfer agent and iDrarK^hrng ag^t, water-sweHable or branched, water-soluble 
polymers may be formed. In general, the use of greater amounts of branching or 
crosslinking agent increases the tendency for ttie product to be water-sweliaUe instead of 
water-soluble, and increased amounts of chain transfer agent tend to reduce molecular 
20 weight. When chain transfer agent and brandling agent are used together, water-sweliable 
products are more likely to be ot>talned at high branching agent and k>w chain transfer 
agent levels, whereas branched, water-soluble polymers may be obtained at hrgh chain 
transfer and kiw branching agent levels. Comportents may be added at any Ume; e.g. all 
of the monomers may be present from the onset of the polymerization, or monomers may 
25 be added during the course of tiie polymerization. If salt is used, all of the salt may be 
present from the onset of the polymerization, or salt may be added during the course of the 
polymerization or after polymerization is complete. Likewise, polymerization parameters e.g. 
temperature and time may be chosen In a known manner, and may be varied during the 
course of the polymerization. Polymerization Is generally effected In the presence of an 
30 inert gas, e.g. nitrogen. Conventional processing aids e.g, chelating agents, sequestrants. 
pH adjusters, etc. may be added as required* 

The aqueous dispersions of the present Invention have advantageous aspects in 
that they are preferably substantially free of dilutive substances such as surfactant, oil, 
hydrocarbon liquids, organic solvents, etc. Although viscosity-reducing additives e.g. 
35 glycerin, glycerol, alcoholi glycol, etc. may be present In the aqueous dispersions, amounts 
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should be 2% or less, more preferably 1% or less, most preferaUy 0.1% or Jess, In order 
to maintain the advantageous properties of the invention. 

The aqueous dispersions of tfie Instant Invention may be homogenous \n the 
absence of a particular component e.g., said second water-soluble polymer. Homogenous 
5 compositions are generally characterized as being clear or translucent, and are not aqueous 
cBspersior^ because they do not contain dispersed droplets as descritied above. 
Depending on tlie embodiment, said first catfonic water-soluble polymer or said secc^d 
cationic water-soluble polymer is dispersion-creating in that aqueous dispersions are not 
obtained in the absenco of an effective or dispersion-creating amount of the particular 
10 component. 

Waters used in the present Invention may be fnom any source, e.g. process water, 
river water, distiiied water, tap water, etc. Preferably, polymerizations are corKlucted in 
aqueous solutions that do not contain sutetantiat amounts of maferrais whicin detrimentally 
affect the polymerization. Advantageously, the aqueous dispersions of the present invention 

15 tend to dissolve quicWy wt>en diluted with water. 

The aqueous dispersion of the Instant invention may be dehydrated to increase the 
total polymer soiids content, or to create sut^tantiaily dry products. Any means known in 
the art e,g, stripping, spray drying, solvent precipitation, etc. may be used to reduce the 
water content. Surprisingly, partiai dehydration may reduce the bulk viscosity of an 

20 aqueous dispersion, in spite of the tendency for dehydration to increase polymer solids. 
Dehydration may be performed by heating, preferably under reduced pressure, although of 
course excessive heating may be detrimental to polymer properties. A substantially dry 
mass of polymer may be obtained by removal of water, and the mass may be comminuted 
to create a powdery, particulate, or granular product. 

2S Surprisingly, substantially dry polymer products may be obtained by spray-drying the 

aqueous dispersions of the instant invention. Although oll-contsdning polymer emulsions and 
dispersions have been spray-dried, see e.g. U.S. Patent Application Serial Mo. 08/668,288 
and references therein, spray-drying of aqueous dispersions, which are generally free of oil 
and surfactants, has not previously been reported. In accordance with the Instant invenfion, 

30 vinyl-addltlon polymer-conitaining aqueous dispersions may be sprayed-drled by a suitable 
means into a large chamber through whid) a hot gas is blown, thereby removing most or all 
of the votatiles and enabling the recovery of ttie dried polymer Surprisingly* the means for 
spraying the aqueous dispersion into the gas stream are not particulaily critical and are not 
limited to pressure r>azzles having specified orifice sizes; in fact, any known spray-dryrng 

35 apparatus may be used. For instance, means that are well known In the art such lotaiy 
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atomteers, pressure nozzles, pneumatic nozzles, sonic nozzles, eta can all be used to spray- 
dry the aqueous dispersion into the gas stream. The feed latet feed viscosity, desired particle 
size of the spray-dried product, drqpfet size of the aqueous dispersion, etc. are factors whtoh 
are ^pically considered when selectrng the spraying means. The size and shape of the 
chamber, the nunter and type of spraying means, and other typical operafional parameters 
msy be selected to accommodate dryer condWons using common knowledge of those skilled 
in the art 

Although closed cyde spray-dryers may be used, open cycle spray-drying systems are 
preferred. Gas flow may be cocurnent. countercunent or mixed fkiw, cocurrent fiow being 
preferred. The hot gas, or inlet gas, may be any gas that does not nsact or form explo^? 
mixtures with the feed and/or spray-dried polymer Suitable gases used as the inlet gas are 
gases known to those skilled in ttie art, indudirtg air, nitrogen, and other gases whrch wtll not 
cause undesirable polymer degradation or contamination, preferably gases containing about 
20% or less oxygen, more preferably about 15% or less oxygen. Most preferably, inert gases 
such as nitrogen, helium, etc. that contain about 5% or less of oxygen slwuld be used. 

The dried polymer may be collected by various means such as a simple outfel, 
classifying cone, bag filter, etc., or Hie polymer may be sut^ected to further stages of drying, 
such as by fluid beds, or agglomeration. The means for collecting tlie dry polymer product ts 
not critteal. 

There are four Intetrelated operating pammeters fn th& Instant spray-diying pmcess: 
gas Inlet temperature, gas outlet temperature, product volaMes and residence time in the diyer. 
The outlet temperature g^rally shouM be about ISQ't; or bekw, preferably about \2Sy*C or 
below, more preferably less than 100°C, even more preferably about SS^C or bekiw, most 
piefefabiy about 90^C or below. The outlet tempeiature is generally about 7(^0 or higher, 
piefetably about 75*^ or higher. Hierefore, outlet temperatures are generally about 70** C to 
about 150*" C, preferably about 70^ C to ^XHJit 120° C, more preferatriy about TO"" Cto less than 
100^C, even more preferably about 70*" C to about 95"* C, most preferably about 75''C to about 
9crc. Outlet temperatures bekw about 70''C may be suitable In certain Instances, though 
generally this is less prrferred. For instance, at the cost of efficiency, spray drying could be 
canied out at long resklence times, high gas flow rates and low outlet temperatures. Generally, 
the dryer should be operated at the lowest possible outlet temperature oonsislent with obtaining 
a satisfactory product. 

The inlet temperature, the feed late, and the composition of the aqueous dispersions may 
^1 affect outlet temperatures. These parameters may be varied to provkje a desired outlet 
temperature. Feed rates are not critical, and generally wai vary deperufing on the size of the 
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dryer and the gas fkw rate. Infet gas temperabire Is less critical than outlet gas tempeiBluiBp 
and 15 geneially about 140^C or above, preferably about IGCT'C or abovfe. The inlet gas 
temperature is pteferaUy about 200''C or below and more preferably about 180°C or below. 
Thus, preferred Inlet gas temperahire ranges from about 140'*C to about 20(rc, more prefeneMy 
from about 160^ to about 180^, Proper Inlet gas temperatures tend to avoid product 
degradation on the hi^ side and to avoid Inadequate drying on the low side. 

Residence time Is a nominal value obtained 1:^ dividing the voiume of the dryer by the 
volumetric gas flow. Residence time is generally at least about 8 seconds, preferably at least 
about 10 seconds. Residence time Is generally no more than about 120 seconds, pnefensrfDly 
no more than about 90 seconds, more preferably no more than about 60 seconds, and most 
preferably no more than about 30 seconds. Therefore, the general range of residence time is 
about 8 to about 1 20 seccwids, pieferat)ly about 1 0 to about 90 seconds, more preferably about 
10 to about 60 seconds, and most preferably about 10 to about 30 seconds. It te known to 
those skilled In the art that longer residence times are to be expected when larger dryers are 
used or when the dryer is run in a less efficient manner. For instance, at tfie cost of efficiency, 
longer residence times would be expected at very low inlet temperatures and slow gas flow 
rates. As a practical matter, the residence times useful in the present inventi(xi may vaiy fmm 
the values described above, depending on the size arxl type of spray dryer used, the efficiency 
at which it Is operated, and other operational parameters. Thus, residence times specified 
herein may be mocfified to accommodate dryer conditkxis using common knowledge of those 
skiHed in the art. 

When produced according to the spray drying prckcesses disctosed herein, polymer 
parKdes (A the Instant invention are generally about 10 mterons or greater in dameter, 
preferably about 40 microns or greater, more preferably about 100 mkrons or greater, most 
preferably about 200 microns or greater. It is preferred that the polymer partteles be non- 
dusting, [listing and flow problems are lypteally exacert)ated when the polymer particles are 
small, so larger polymer partteles are generally desirable, l-iowever, very large particles may 
dissolve more slowly. Therafore, it Is generally desirable for the polymer particles to be about 
1200 microns or less in dfaimeter, preferably about 800 microns or less in dtameler, more 
preferably about 600 microns or less, most preferably about 400 microns or less. GeneiHlly, 
at least about 90% of the polymer particles range in size from about 10 microns to about 1200 
microns, preferably at least about 95%, more preferably at least about 98%. The size of ttie 
polymer particles can be varied somewhat by altering the operatk)nal parameterB e.g. spray 
configuration, aqueous dispersion viscosity, feed rate, etc. Partides may be substantially 
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spherical or non-sphericai; "drameter" of a non-spherica] parttde Is the dunension along a rr^or 
axis. 

AI&KHjgh \n some cases the polymer partfdes are hollow, porous structures having at least 
one operfng in their walls, it has been cBscovered that these f eatuies are not atways neoessary 
S rn order to otstain paitrdes having desirable properties e.g. fast dissolution times. In many 
cases, the spnay-drying parameters e.g. nozzle type, nozzle size, outlet tsemperature, etc. 
needed to produce paiticles that are hollow* porous staictures having at least one opening in 
their walls are inconvenient or uneoorxMntcal, and It is advantageous to r^oduce particles that 
lack some or all of these features. 

10 Tlie particles formed by ttie sptay-diying pit)cesses of the instant invention may be 

screened to remove an oversize or urKlersize fraction. Oversize particles may be fragmented 
by e-g. grinding, whereas undersized particles are generally agglomerated Sizes may be 
determined by methods known to those skNIed In the art e.g. sieving, screening, light scattering, 
microscopy, microscopic automated Image analysis, etc. 

15 Surprisingly, the bulk densities of the spray-dried polymer partrcJes of the instant Invention 

are generally greater than the built densities of dry polymers prepared by precfpltaBon of e.g. 
water-in-oil emulsions of the same polymer. Pcriymer particles having greater density may be 
advantageous t)ecause they occupy a smaller volume, resufting in e.g. lower shipping and 
storage costs. Whereas the densities of precipitated polyrr^ers are usually less than about 0,35 

20 grams per cubic certimeler (g/cc), the bulk densities of the ^ray-dried polymer particles of tfie 
rr^tant invention are generally about 0.35 g/cc or greater, preferably atxxjt 0.4 g/cc or greater, 
more preferably about 0.46 g/cc or greater, most preferably about 0.50 ^cc or greater. Ttie 
bulk densities of the spray-dried polymer particles of the instant invention are generally aiXHJt 
1 .1 g/cc or less, preferably atxxjt 1 .0 g/oc or less, more preferably about 0.95 g/cc or less, most 

25 preferably about 0.90 g/cc or less. Therefore, the bullc densities of the spiay-dried polymer 
particles of the instant invention generally range fmm about 0.35 to about 1.1 g/cc* prefereUsly 
about 0.4 to about 1.0 g/cc, more preferably about 0.45 to about 0.95 g/cc, most preferably 
about 0.50 to sboiA 0.90 g/oc. 

Under the conditions of diying set forth h^n, the polymer particles produced t)y the 

30 processes described herein are substantially dry. As used to describe the polymer produced 
her^n, "substantially dry* generally means that ttie polymer contains atxxit 12% or less 
volatHes, prefeiably about 10% or less by weight, based on the weight of the spray dried 
polymer. The polymer generally contains about 2% or more vdatites, preferably about 5% or 
more, by weight based on total weight, and most preferably contains fmm about 8% to about 
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10% vcriatiles by weight, same basis* The vdatiles are measured by determining the weight 
loss on drylrig the polymer product at about 105X^ for about 30 mfnutes. 

It has also been dtecovered that aggiomeratEon of the polymer particles of the instant 
invention may Improve the flow properties and dlssofution tfmes of the polymers. Agglomeration 
5 is a known process for increasing partlde size and various methods for aggtomeraBng partides 
are Icnown to those skilled in the art, e.g. "Successfully Use AgglomeraHon for Size 
Enlargement," by Wolfgang Pietsch, Chemical Enginf^ering f^mgrnsR April 1996, pp, 2&45; 
^'Speeding up Continuous Mfxing Aggtomeratlon with Fast Agitation and Short Residence 
Times." by Peter Koenig, Powder and Bulk Enpineeffng February 1996, pp, 67-84. Known 
10 agglomeration methods such as na^ral agglomeration, mechanical agglomeration, tumble or 
growth agglomeration, pressure agglomeration, binderiess agglomeration, agglomeration with 
binders, etc. m^ be used to agglomerate the polymer particles of the instant invention. 
Agglomeration may optionally be followed by drying e.g. fluid bed drying, to remove binder ag. 
water Pressure agglomeration is preferred, and mechanical. agglomeration using a water 
15 binder, followed t)y flurd bed drying Is most preferred. 

The agglomerates fomied by agglomerating the polymer particles of the Instant invention 
tend to have improved flow properties and faster dissolution times when compared to the 
unagglomerated polymer particles. Preferably, the ag^^lomerales are non-dusting. Typically, 
about 90% of the aggtomerates of the instant rivention have an agglomerate size of about 120 
20 microns or greater, preferably about 1 60 microns or greater^ more preferably about 200 microns 
or greater, most pr^erably about 300 microns or gr^ealer Generally, about 90% of the 
agglomerates have an agglomerate size of atxxjt 1500 microns or less, prefeiably about 1200 
microns or less, mora praferafiy about 1100 microns or less, most preferably about 1000 
microns or less. Thus, about 90%, preferably 95%, of the agglomerates have a size in the 
25 range of about 120 Id about 1500 microns, preferably about 160 microns to about 1200 
microns, more preferably about 200 microns to atxiut 1 100 microns, most preferatdy about 300 
microns to about 1000 microns UsuaNy, at least about 5% of the ag^omerates, preferably at 
least about 10%, most preferably at least about 1 5%, are larger than about 900 ri^crons. The 
agglomerates formed by agg|lomeratlng the spray-dried particles of the instant invention may 
30 be screened to remove an oversize or undersize fraction. PreferaUy, agglomerates larger than 
alx>ut 1200 microns and smaller than about 175 microns are removed l>y e,g, screening. 
Oversize agglomerates are generally fragmented t)y e.g. grinding, wfiereas undersized 
agglomerates are generally recycled into the agglomerator. 

The bulk der>sity values of tfie agglomerates of the instant invention tend to be lower than 
35 the bulk density values of the spray-dried particles from whfch they are formed. The bulk 
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densfties of Ihe agglomerates of the instant Invention are generalty about 0.3S gfcc or greater, 
preferably about 0.4 g^cc or greater, moie preferably aboiM 0.45 g/oc or greater, most preferably 
about 0.50 g^cc or greater. The bulk densities of the agglomerates of the Instant invention are 
gaierally about 1 .0 g^cc or less, preferat)ly about 0^95 gfcc or less, more preferably about 0.90 
g^cc or less, most preferably about 0.85 g^cc or less. Therefore, the bulk densities of the 
agglomerates of the instant Invertion generally range from about 0.35 to about 1.0 gfcc, 
preferably about 0.4 to about 0.95 gi'cc more preferably about 0.45 to about 0.90 g/oc, most 
preferably about 0.50 to about 0*85 g^cc. 

In order to obtain agglomerates df a preferred size, It Is pr^erred that the pofymer partrdes 
themselves be of such a size that ttiey are agglomerabte. Aggkxnerafton obviously tends to 
multiply the average partide size, so that It is frequently easier to cause large increases In 
particle size than it is to cause small increases in particle size. Therefore, to produce 
agglomerates of a preferred size or size range, it is generally preferred to agglomerate particles 
that are much smaller than the desired agglomerate size, rattier than particles that are only 
slightly smaller. Agglomerat}le particles are generally those thai may be conveniently 
agglomerated to produce agglomerates having a preferred size. It is possitHe, but less 
preferred, to agglomerate larger partfcles to produce agglomerates that are larger than desired, 
ttien remove ttie oversize agglcmenates as described above. 

The sutistantially dry polymer partkdes and aggk>merate5 of the present invention are 
generally comprised of the polymer that was contained In the aqueous dispersion that was 
spray-dried, as discussed hereinabove. 

Spray-dryirig of tfie aqueous dispersions of the instant invention is advantegeous because 
typk:aily 90% or greater, pieferably 95% or greater, most preferably substantially all, of the 
resultant spray-dried pdymer partteles each indivklually contains two or more water-^uUe or 
water-swellable vinyl-addition polymers, so thai strailflcatlon effecte may be minimized* 
Stratlfteatton may occur when two diff ererk dry polymers having differing particle sizes or partide 
size distributions are blended together because of the tendency for the iavger particles to settle 
towards the bottom of the coniatner. Stratifteatlon on storage may affect blend {Koduct 
perfomiarice as tfie top of tf)e container tends to become enriched in tfie polymer fiaving the 
smaller partide size* For cA)vious reasons, changes in product performance as a function of 
storage depth are to be avdded, and it Is generally preferred that each polymer In a blend be 
of similar particle size, see e.g. EP 479 616 A1 and U.S. Patent No. 5,213,893. A dry t)lend 
of the two different polymers Is likely to exhll3lt greater stiatiflcation than a dry blend obtained 
by spray-drying ttie instant aqueous dispersions because ihe majority of the spray-dried polymer 
partides of the instant invention each individually contains two or more water-soluble or water- 
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swellaUe vinyhaddltkMi polymeis. Suiprislngly, the spray^driecl aqueous clispefsions of the 
instant invention tend to dissolve faster than polymers obtained by sprE^-drying conventional 
water-in-oil emulsions of similar polymefs. 

A suspension of cRspersed solids may be dewatered by a method which comprises 
5 (a) intermixing an effective amount of an aqueous dtepersion of polymers, or aqueous 
admixture thereof, with a suspjnsion of dispersed solids, and (b) dewateting said 
suspension of dispersed solids. SubstanUalty dry polymers derived from the aqueous 
dispersions of the instant Invention as described atxwe may also be used to dewater 
susperided solids. For instance, a suspension of dispersed soJIds may be dewatered by 

10 a method which comprises (a) intermixing an effective amount ot a sut>stantiaJly dry water- 
sofuble or water-swellable polymer, or aqueous admixture thereof, with a suspension of 
dispersed solids, and (b) dewatering said suspension of dispersed solids. Preferably, an 
aqueous admixture of the dry polymer or aqueous dispersion is prepaid by intermixing the 
dry polymer or aqueous dispersion with water, more preferably by dissolving the dry 

15 polymer or aqueous dispersion in water to form a dilute polymer solution. Effective amounts 
of dry polymer or aqueous dispersion are determined by methods known in the art, 
preferably by routine la±>oratory or process experimentation. 

Examples of suspensions of dispersed solids which may be dewatered by means 
of the instant invention are munidpal arxl industrial waste dewatering, clarification and 

20 settling of primary and secondary Industrial and municipal waste, potable water darifteation, 
etc. Because of the advantageous aspect of the Invention e.g. substantially oil-free, 
minimum amounts of Inactive diluents, little or no surfactant, etc., the polymers may be 
especially well-suited to situations where part or all of the dewatered solids or darified water 
Is returned to the environment, such as sludge composting, land applicalion of sludge, 

25 peRetizatJon for fertilizer application, release or recycling of darified water, papermaking, etc. 
Other fi^pltcations which may benefit from ^e advantageous aspects of the instant 
inventions include soil amerKlment, reforestation, erosion control, seed protectton/growth, 
etc., where the aqueous dispersion or dry polymer, preferably an aqueous admbcture 
thereof, is advantageously applied to soil. 

30 Other examples of suspensioris of dispersed solids which may be dewatered by 

means of the instant invention are found In the papermaking area, e.g. the aqueous 
dispersions or dry polymer may be used as retention aids, drainage aids, formation aids, 
washer/thickener/drainage production aid (DNT deink application), charge control agents, 
thickeners, or for clarification, deinking. deinking process water clarification, settling, color 

35 removal, or sludge dewatering* The potymers of the instant invention may also be used in 
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Oil fleJd appiications such as p^roleum refining, waster clarification, waste dewatering and 
oil removal. 

Dewatering and clarification applications for the aqueous dispersions and dry 
polymers of the instant invention may also be four>d In the food processing area, Fnduding 
5 waste dewatering, preferai3ly waste dewatering of poultry beef, pork and potato, as well as 
sugar decoloring, sugar processing clarification, and sugar beet d€uffication. 

Mining and mineral applications for the aqueous dispersions and dry polymers of 
the instant invention indude coai refuse dewatering and thickening, tailings thickening, and 
Bayer process applications such as red mud settling, red mud washing, Bayer process 
10 filtration, hydrate flocculation, £^d precipitatton. 

Biotechnological applications for the aqueous dispersions and dry polymers of the 
instant invention include dewaterir)g and darification of wastes and preferably, dewatering 
and darification of fermentation brotfis. 

The aqueous dispersions of the ir^tant invention may be employed in the above 
15 applications alone, in conjunction with, or serially with, other known treatments. 

All patents, patent applications, arKi publications mentioned above are hereby 
incorporated herein by reference. Unless othenMse specified, all percentages mentioned 
herein are understood to be on a weight basis. 

The Standard Viscosity (SV) values in thie following Examples were detemnined by 
20 mixing together 8.0 g of a 0.2 wt. % polymer solution in water and 8.6 g of 2M NaCI, then 
measuring the viscosity of the resultant solution at 25°C on a Brookfield Viscometer 
equipped v\rith a UL ad^er at 60 ipm. Molecular weights were determined by high 
performance size exduston chromatography using a light scattering detector. 

The bulk deri^ty of pdymer partkries and aggkxnerates was detemilned lay adding the 
25 partkries or aggkMnerates to a suitable prewei^ed measuring container and lapping or slightly 
agitating the container to cause the parSdes or a^hTmerates to settle. The volume of the 
poiymer was ttien read from the measuring container, the measuring container weighed, arKi 
the bulk density calculated in units of grams per cubic centimetef (g^cc). 

30 EXAMPLE 1 

A sultcdble vessel equipped with a mechanical stinner, reflux condenser, and a 
nitrogen inlet tube was charged with 17.10 parts delonlzed water and 9 parts of a 40% 
aqueous solution of the polymer obtained by polymerizing the methyl chloride quaternary 
35 salt of dimethylaminoethylmethacrykate (pdy(DMAEM.MeCI)), w^ght average molecular 
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weight about 200,000. After completion of dissoiution, 7.08 parts of a 53.64% aqueous 
solution of acryteuDlde (AMO)t and 14.56 pails of a 72,80% solution of the dimethy[ sulfate 
satt of cflethylaminoethylacrytate (DEAEA.DMS) were added and mixed. To this mixture, 
8.1 parts ammonium sulfate, 0.7 parts citric acid, and 2.02 parts of a 1% solution of cheiant 
ethylenediamlnetetraacetic add tetrasodium salt (EDTA) were added and mixed. The pi-l 
of the mixture was atxHjf 3.3. The vessel was sealed and spaiged with nitrogen for 30 
minutes, and then poiymerization was started by adding 1 .44 parts ot 1% aqueous solution 
of 2,2'-azol)ls(2-amidino-propane)dihydrochloride (V-SO). The reaction mixture was healed 
to 40° C for 2 ixHjrs and then raised to 50^C and held for an addttional 8 hours. The 
convension was greater than 99%, A stable fluid aqueous dispersion was obtained. The 
bulk visccteity (BV) of the dispersion was 2250 centipoise (cps) showing pfeferable fluidfty 
as measured with a Brookf ield Viscometer, No. 4 spindle, 30 rpm at 25** C. The dispersion 
was dissolved to give a standard viscosity (SV) of 2.56 cps. 

EXAMPLES 2-8 

Additional aqueous dispersions were prepared in the same manner as Example 1, 
showing the effect of various polymer and ammonium sulfate salt levels on bulk viscosity 
as shown in Ta]D\e 1, 
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6 


30 


25 


5 


13.5 


2,640 


2.61 
















7 


30 


24 


6 


14 


a470 


2.39 
















8 


30 


24 


6 


15 


7.080 


2.17 

















EXAMPLE 9 

10 

A suitable vessel equipped with a mechanlcdl stiiror, reflux condenser, 
thermocouple and a nitrogen inlet was charged with 72.60 parts of deionized water and 30.8 
parts of a 40% aqueous solution of poly(OMAEM.MeCI), weight average moJecular weight 
about 222,600. After dissolution was complete, 24.37 parts of a 53.33% aqueous solution 

15 of acrylamide and 45.93 parts of a 79% aqueous solution of DEAEA.DMS were added and 
mixed. To this mixture, 31.9 parts ammonium sulfate, 2.57 parts dtric add, and 6.9 parts 
of 1% solution of EOTA were added and mixed. The pH of tfie mixture was about 3.3. The 
vessel was sealed and sparged with nitrogen for 30 minutes, and then polymerization was 
started by adding 4.93 parts of 1% solution of V-SO. The reaction mixture was heated to 

20 40**C for 2 hours and then raised to and held at SO^'C for 4 hours. The overall conversion 
was greater than 99%. A stable fluid aqueous dispersion was obtained. The bull< viscosity 
of this dispersion wm about 1460 cps showing preferable flufdity as measured with a 
Brookfield Viscometer, No. 4 sptrKlle, 30 rpm at 25^ C. The dispersion was dissolved to give 
a SV of 2.40 cps. 

25 

EXAMPLES 10-33 

Additional aqueous dispersions were prepared In the same manner as Example 9 
demonstrating the effect of total polymer solids, ratio of first catlonic to second oationic 
30 polymer, secorxJ cationic polymer molecular weight, and ammortium sulfate salt level on the 
bulk viscosity (BV) of the aqueous dispersion, as shown In Table 2. 
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RR3T 


SECOND 


SECOND 








EXAMPLE 


% TOTAL 


POLYMER 


POLYMER 


POI YUPR 
• wi. 1 men 




t>V 


o V 


NO. 


SOLIDS 


% SOLIDS 


% SOLIDS 


MW 




(Ops; 


(cpa) 




















9ft 


00 A 


D-D 




14.5 




2.40 


















in 

1U 


Zo 




It C 


194,(100 


14*5 


2,250 


2.52 


















1 1 






O.D 


189,300 


14.5 


1,440 


2.52 
























O.O 




14-5 


2,940 


2.61 


















1 o 




99 A 


O.D 


no-* cnn 
^ii 1 ,OUU 


14.5 


1 ,970 


2.52 


















1 *f 




OO A 


D.O 


1 tZQ AHA 


i >l c 


Z,7hu 


^ CA 

2.59 


















1 o 




00 A 






i j| C 

14,o 


2,920 


2.65 


















ID 


9ft 


OO A 


D.D 


too OHA 




2,150 


2.86 


















17 


30 


24 


6 


242,900 


13.5 


2,620 


2.49 


















18 


30 


24 


6 


230.600 


13.5 


3,710 


2.4 


















19 


30 


24 


6 


230,600 


14 


2,200 


2.39 


















20 


30 


24 


6 


230,600 


14,5 


1,800 


2,54 


















21 


30 


24 


6 


230,600 


15 


3,260 


2.49 


















22 


28 


22,4 


5,6 


230,600 


15 


982 


2.49 


















23 


28 


22.4 


5.6 


230,600 


15.5 


900 


2.45 


















24 


28 


23.5 


4.5 


230.600 


15.5 


1,380 


2.77 


















25 


27 


22.66 


4.34 


230,600 


15.5 


1,600 


2.61 


















26 


27 


22.66 


4,34 


230,600 


16 


1,770 


2.82 
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10 



27 


30 


24 


6 


230.600 


14.5 


1.770 


Z43 


















28 


28 


22.4 


5.6 


230.600 


15.5 


1.820 


2.56 


















29 


28 


22.4 


5.6 


230.600 


16 


3,120 


2.44 


















30 


28 


23 


5 


230.600 


15 


1.620 


2.5 


















31 


28 


23 


5 


230.600 


15.5 


962 


2.67 


















32 


28 


23 


5 


230,600 


16 


1,500 


2.59 


















33 


28 


22.4 


5.6 


230.600 


15.6 


1.260 


2.51 



















15 

EXAMPLE 34 

This polymerization was carried out in the same manner as Example 9, excefA that 
20 a poly(DMAEM.MeCi) having a weight average molecular weight of about 385»000 was 
used. A statue fluid aqueous dispersion was obtained. The bulk viscosity of this aqueous 
dispersion was about 5100 cps showing preferable fluidity as measured with a Brool<fleld 
Viscometer, No. 4 5F»nd1e, 30 rpm at 25° C. The dispersion was dissolved to give a SV of 
2.35 cps. 

25 

EXAMPLE 35 

This polymerization w^ carried out in the same manner as Example 34. except 
that 2.46 parts of 10% glycerol solution was added. Polymerization proceeded smoothly. 
30 A stable fluid aqueous dispersion was obtained. The bulk viscosity of this dispersion was 
about 3700 cps as measured with a Brookfield Viscometer, No. 4 spindle, 30 rpm at 25^*0 
showing improved fluidity. The t)ulk viscosity was greatly reduced relative to Example 34, 
demonstrating the viscosity-reducing effect of the glycerol additive. The dispersion was 
dissolved to give a SV of 2.35 cps. 

35 
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EXAMPLE 36 

A suitable vessel equipped with a mechanical stirrer, reflux condenser, 
thermocouple and nitrogen inlet tube was charged with 39.73 parts deionized water and 
5 30.1 parts of 41% poly{DMAEM.MeCI), weight average molecular weight about 395,000. 
After completion of dissolution. 23,77 parts of a 53.57% aqueous solution of actylamide, 
45.20 parts of an 80% aqueous solution of DEAEA.DMS and 38,7 parts of 1% aqueous 
solution of tertiary butyl acrylamfde were added and mixed. To this mixture, 49,28 parts 
ammonium sulfate, 2.57 parts citric add. and 3.45 parts of 2% EDTA were added and 

10 mixed. The pH of the mbcture was about 3.3. The vessel was sealed and sparged with 
nitrogen for 30 minutes, and then polymerization was started by adding 2,46 parts of 2% 
V-SO, The reaction mixture was raised to 40*C for 2 hours and then raised to SO^C tor an 
additional 4 hours. The overall conversion was greater than 99%. A stable fluid aqueous 
dispersion was obt^uned. The bulk viscosity of this aqueous dispersion was about 1 900 cps 

15 as measured with a Brookfield Viscometer No, 4 spindle, 30 rpm at 25** C. showing 
improved fluidity compaied to Exam|:rfe 34 and demonstrating the effect of incorporating 
hydrophobic recurring units of tertiary butyl acrylamide. The aqueous dispersion was 
dissolved to give a SV of 2.32 cps, 

20 EXAMPLE 37 

A suitable vessel equipped with a mechanical stirrer, reflux condenser, 
thermocouple and nitrogen Inlet tube was charged with 78-84 parts deionized water and 
30.1 parts of 41% poly(DMAEM,MeC1)r weight average molecular weight about 395,000, 

25 After completion of dissolution, 20.95 parts of a 53.57% aqueous solution of acrylamide. 
42.73 parts of a 80% aqueous solution of DEAEA.DMS and 4,84 parts of a 80% aqueous 
solution of the benzyl chloride quaternary salt of dimethylaminoethyl acrylate (DMAEA.BzCl) 
were added and mimd. To this mixture. 49.28 parts ammonium sulfate, 2.57 parts citric 
add, and 3.46 parts of 2% EDTA were added and mixed. The pH of the mixture was about 

30 3.3. The vessel was sealed and sparged with nitrogen for 30 minutes^ and then 
polymerization was started by adrtng 2.46 parts of 2% V-50. The reaction mixture was 
raised to 40X for 2 hours, and then raised to and held at 50* C for 4 hours. The overall 
conversion was greater than 99%. A stable fluid aqueous disper^on was obtained. The 
bulk viscosity of this dispersion was about 3840 cps as measured with a BroOkfleld 
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Viscometer No. 4 spindle. 30 rpm at 25«C showing preferable fludlty. The dispersion was 
dissolved to give a SV of 2.14 cps. 



EXAMPLE 38 



A suitable vessel with an external Jacket for heating or cooling was equipped with 
a mechanical stirrer, reflux condenser, thermocouple and nitrogen inlet tube. The vessel 
was charged with 294.47 parts deionlzed water and 117.60 parts of 40% aqueous solution 
of poly(DMAEM,MeCI), weight average molecular weight about 210,000. After completion 
of dissolution, 94.03 parts of a 52.77% aqueous solution of acryiamide and 173.18 parts of 
an 80% aqueous solution of DEAEA.DMS were added and mixed. To this mixture. 130.20 
parts ammonium sulfate. 9.83 parts citric acid, and 13.17 parts of 2% EDTA were added 
and mixed. TTie pH of the mixture was about 3.3. The vessel was sealed and sparged with 
nitrogen for 30 minutes, and then polymerization was started by adding 7.53 parts of 1% 
V-50. The reaction mixture was healed to 40°C for 2 hours and then raised to and held at 
50^C for 4 hours. The overall convereion was greater than 99%. A stable fluid aqueous 
dispersion was obtained. The bulk viscosity of this dispersion was about 760 cps as 
measured with a Brooidieid Viscometer No. 4 spindle, 30 rpm at 25'C showing preferable 
fluidity. The dispersion was dissolved to give a SV of 2.52 cps. 



EXAMPLE 39 



A suitable vessel equipped with a mechanical stirrer, reflux condenser, 
themiocouple and nitrogen Inlet tube was charged with 63.18 parts deionlzed water and 
30.8 parts of 40% aqueous solution of poly(DMAEM.MeCI), weight average motecular 
weight about 230.600. After completion of dissolution. 27.96 parts of a 53.33% aqueous 
solution of acryiamide (AMD). 26.02 parts of a 80% aqueous solution of DEAEA.DMS and 
16.94 parts of a 80% aqueous solution of the methyl chloride quatemaiy salt of 
dlmelhylamlnoethylaciylale (DIW!AEA.MeCI) were added and mixed. To this mixture. 40 7 
parts ammonium sulfate. 2.57 parts citric acid, and 6.9 parts of 1% EDTA were added and 
mixed. The pH of the mbdure was about 3.3. The vessel was sealed and sparged with 
nitrogen for 30 minutes, and then polymerization was started by adding 4.93 parts of 1% 
V-50. The leacHon mixture was raised to 40* C for 2 hours, and then raised to and held 
at 50' C for 4 hours. The overall conversion was greater than 99%. A stable fluid aqueous 
dispersion was obtained. The bulk viscosity of this dispersion was about 3840 cps as 
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moasured with a Brookfield Viscometer. No. 4 spindle, 30 rpm at 25* C showing good 
fluidity. The dispersion was dissolved to give a SV of 2.14 cps. 



EXAMPLES 40-42 

5 

Polymerizations were carried out in the same manner as Example 39 except that 
the bulk viscosity was adjusted by varying the level of ammonium sulfate salt as sfiown In 
Table 3. Tf>ese Examples demonstrate that aqueous dispensions having low bulk viscosities 
and high polymer solids may be prepared, wtiereln the first caticxitc polymer is a 
10 DMAEA.MeCI / DEAEA.DMS / AMD terpolymer. 

Table 3 
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FIRST 


SECOND 








EXAMPLE 


% TOTAL 


POLYMER 


POLYMER 


% 






NO. 


SOLIDS 


% SOLIDS 


% SOLIDS 


SALT 


BV (cps) 


SV (cps) 






























39 


28 


22.4 


5.6 


18.5 


2.620 


2.99 
















40 


28 


22.4 


5.6 


18 


4.310 


2.96 
















41 


28 


22.4 


5.6 


19 


1.820 


2.65 
















42 


28 


22.4 


5.6 


19.5 


2,000 


2.62 



EXAMPLE 43 

30 A suitable vessel equipped with an external jacket for heating or cooling, a 

mechanical stirrer, reflux condenser, thermocouple and nitrogen Intet tube was charged with 
260*35 parts delonized water and 117.6 parts ot a 40% aqueous solution of 
poiy(DMAEM.MeCl), weight average molecular weight about 210,000. After completion of 
dissolution, 107.89 parts of a 52.77% aqueous solution of acrylamide, 99.3S parts of a 80% 

35 aqueous solution of DEAEA.DMS and 64.68 parts of a 80% aqueous solution of 
DMAEA.MeCI were added and mixed. To this mixture, 271 .92 parts ammonium sulfate, 9.83 
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parts citric acid, and 13.17 parts of 2% EDTA wet© added and mixed. The pH of the mixture 
was about 3.3. The vessel was sealed arnj sparged with nitrogen for 30 minutes, and then 
poiymerlzatlon was started by adding 7.53 parts of 2.5% V-50. The reaction mlxluie was 
raised to 40»C for 2 houre. and then raised to and held at SO" C for 4 hours. The overall 
oonversion was greater than 99%. A stalile fluid aqueous dispersion was obtained. The 
bulk viscosity of this dispersion was about 1240 cps as measured with a Brookfield 
Viscometer. No. 4 spindle. 30 rpm al 25"> C showing good fluidity. The dispersion was 
dissolved to give a SV of 2.74 cps. 



EXAMPLE 44 



A suKabte vessel equipped with a mechanical stirrer, reflux condenser, and nitrogen 
Inlet tube was charged with 18.86 parts deionized water and 9 parts of a 40% aqueous 
solution of poly{DMAEIVl.l\/l6Ci). weight average molecular weight about 200.000. After 
completion of dissolution, 4.39 parts of a 53.64% aqueous solution of aciylamldeand 15.19 
parts of a 79.3% aqueous solution of DEAEA.DMS were added and mixed. To this mixture, 
8.4 parts ammonium sulfate. 0.7 parts citric acid, and 2.02 parts of 1% EDTA were added 
and mixed. The pH of the mixture was about 3.3. The vessel was sealed and sparged with 
nitrogen for 30 minutes, and then polymerization was started by adding 1.44 parts of 1% 
V-50. The reaction mixture was raised to 40*C for 2 hours and then raised to and held at 
50" C for 8 hours. The conversion was greater than 99%. A stable fluid aqueous dispersion 
was obtained. The bulk viscosity of this dispersion was about 850 cps as measured with 
a Brookfield Viscometer. No. 4 spindle. 30 rpm at 25» C showing preferable fluidity. The 
dispersion was dissolved to give a SV of 2.27 cps. 



EXAMPLES 45-49 



Additlonai aqueous dispersions were prepared In the same manner as Example 44, 
demonstrating the effect of raBo of first catlonic to second cationic polymer and salt content 
on the bulk viscosity ol the dispersion as shown In Table 4. 
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Table 4 



10 







FIRST 


SECOND 








EXAMPLE 


% TOTAL 


POLYMER 


POLYMER 


% 






NO. 


SOLIDS 


% SOLIDS 


% SOLIDS 


SALT 


BV (cps) 


SV (cps) 
















44 


30 


24 


6 


14 


852 


2.27 
















45 


30 


24 


6 


12 


2,400 


2.19 
















46 


30 


24 


6 


13 


1,100 


2.34 
















47 


30 


24 


6 


15 


1,770 


2.35 
















48 


30 


25 


5 


13 


1.260 


2.45 
















49 


30 


25 


5 


14 


4.750 


2.4 
















50 


30 


24 


6* 


14 


780 


2.2 



20 

*Moiecu\&r weight of secx)nd polymer was about 222,600. 

EXAMPLE 61 

25 A suitable vessel equipped with a mechanical stirrer, reflux condenser, and nitrogen 

inlet tube was charged with 92.9 parts detonized water and 30,1 parts of a 41% aqueous 
solution of poly(DMAEM*MeCI), weight average molecular weight about 395,000, After 
completion of dissolution, 15.03 parts of a 53.57% aqueous solution of acryiamide and 
51.53 parts of an 80% aqueous solution of DEAEA.DMS were added and mixed. To this 

30 mixture 22 parts of sodium sulfate, 2.57 parts citric acid, and 3.45 parts of 2% EDTA were 
added and mixed. The pH of the mixture was about 3.3. The vessel was sealed and 
sparged with nitrogen for 30 minutes, and then pdymerizatlon was started by adding 2.46 
parts of 2% V-SO. The reactlcHi mixture was raised to 40^ for 2 hours and then raised to 
and held at 50"* C for 4 hours. The overall conversion was greater tfian 99%. A stable fluid 

3S aqueous dispersion was obtained. The txjik viscosity of this dispersion was about 11 00 cps 
as measured ^th a Brookfield Viscometer, No. 4 spindle. 30 rpm at 25''C. The disper^on 
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was dissolved to give a SV of 2,19 cps. 
sodium sulfate. 
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This Example demonstrates the effectiveness of 



EXAMPLE 52 

5 

A suitable vessel equipped wtth a mechanical stirrer, reflux condenser, 
thermocouple and nitrogen Inlet tube was charged with 17.57 parts delonlzed water and 9 
parts of a 40% aqueous solution of poly(DMAEM.MeCI}, weight average moieculai* weight 
about 200,000. After completion of dissoiutlon, 4,77 parts of a 53.64% aqueous solution 

10 of acrylamide, 12 parts of a 79.3% aqueous solution of DEAEA,DMS and 2.91 parts of an 
80% aqueous solution of DMAEAMeCl were added and mixed. To this mixture, 9.6 parts 
ammonium sulfate, 0.7 parts dtric acid, and 2.02 parts of 1% EDTA were added and mixed. 
The pH of the mixture was about 3.3. The vessel was sealed and sparged with nitrogen for 
30 minutes* and then polymerization was started by adding 1,44 parts of 1% V-50. The 

15 reaction mixture was raised to 40^0 for 2 hours anti then raised to and held at 50*^ C for 4 
houiB. The overall conversion was greater than 99%, A stable fluid aqueous dispersion was 
obtained. The bulk viscosity of this dispersion was about 800 cps as measured with a 
Brookfield Viscometer. No. 4 spindle. 30 rpm at 25° C showing good fluidity. The dispersion 
was dissolved to give a SV of 2,3 cps. 

20 

EXAMPLES 53-80 

Polymerizations were carried out in the same manner as Example 52. The effect 
of total polymer solids, first cationic polymer composition (In temis of % AMD, % 
25 DEAEA.DMS and % DMAEA.MeCi in monomer feed], ratio of first catlontc to second 
cationic pcdymer, and ammonium sulfate salt content on the bulk viscosity of the aqueous 
dispersion is demonstrated as shown in Table 5. 
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' — — 


70 


45 


20 


35 


29.3 


23.44 


5-86 


18.5 


2p900 


2.4 






















71 


46 


20 


35 


29.3 


23.44 


5.86 


19 


6,600 


Oil 






















72 


45 


10 


4S 


28.5 


22.8 


5.7 


18 


200,000+ 


2.35 






















73 


45 


10 


45 


28.5 


22.8 


5,7 


19 


200,000+ 


2.34 






















74 


45 


10 


45 


28 


22.4 


5.6 


19.6 


200,00(H 


2.5 






















/O 






35 


29 


23.2 


5.8 


18 


200.0001^ 


2,2 






















/ D 






35 


29 


23,2 


5.8 


18.5 


5,540 


2,27 






















7*7 




20 


35 


29 


23.2 


5.8 


19 


3.570 


2.47 






















78 


46 


20 


35 


28.5 


23.2 


5.8 


18 


6,350 


2.35 






















79 


45 


20 


35 


28.5 


23.2 


5.8 


18.5 


3,060 


2.4 






















80 


45 


20 


35 


28.5 


23.2 


5.8 


19 


200,000+ 


2.39 























EXAMPLE ai 



A suitable vessel equipped Willi a mechanical stimBr, reflux condenser, 
thermocouple ar>d nitrogen inlet tube was charged with 89 parts delonized water and 20,9 
parts of a 40% aqueous solutior> of poly{D!WAEM.Mea), weight average molecular weight 
about 190,000. After completion of dissolution, 30.96 parts of a 52.77% aqueous solution 
of acrylamide and 21 .38 parts of a 80% aqueous solution of DEAEA.DMS were added and 
mixed. To this mixture, 49.6 parts ammonium sulfate, 2.57 parts citric acid, and 2,34 parts 
of 1 % EDTA were added and mixed. The pH of the mixture was about 3.3. The vessel was 
sealed and sparged with nitrogen for 30 minutes, and then polymerization was started by 
adding 3.34 parts of 1% V-50. The reaction mixture was raised to 40*C for 2 hours arxl 
then raised to and held at 50° C for 4 hours. The combined conversion was greater than 
99%. A stable fluid aqueous dispersion was obtained. The bulk viscosity o» this dispersion 
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C Showing flood (luldily. The dtepeBkx. vws assolvea u, gi« a SV o( 1.60 cps. 



Polymerizations were 



EXAMPLES 82-97 

carried out 5n the same manner as Example 81 . The effect 
o, chelanl (EOTA)'^^no««ration. chain »^s)«r agBn. (la<.lc aoid), fl^t c»«onic polyme, 

» second catlonlc pCyrer, and an^moniu. suilate sal, cc^an. on 
Standard viscosity and bulk viscosity are demonstiated as shown in Table 6. 



Table 6 



NO- 



AMD 



81 



82 



B3 



84 



65 



I 86 



BO 



80 



80 



80 



80 



80 



87 



SO 



88 



80 



89 



dO 



20 



80 



91 



80 



20 



20 



20 



20 



20 



20 



20 



20 



20 



ao 1 20 



TOfTAL 
50UDS 



HRST 



POI-YMER 
~«SOUDS 



19 



20 



15.2 



SECOKD 



POLYMER 



« SOLIDS 



16 



20 



19 



19 



19 



16 



15.2 



15.2 



15,2 



19 



19 



15.2 



16.2 



19 



19 



19 



15.2 



15,2 



15.2 



3.8 



3.8 



3.8 



3.8 



3.8 



3.8 



3.8 



3.8 



0-25 



0.6 



076 



ECfTA 



1400 



SALT 



22.5 



1400 



14G0 



1400 



280 



20 



22.5 



1400 



22.6 



142,000 



840 



200 



1.6 



1.82 



1.6 



2.05 



22.5 



1400 



22.6 



2000 



0.25 



0.5 



3000 



2000 



2000 



3,B' 1 0.5 I 2000 



22,5 



22.5 



22.5 



100 



200 



1.67 



1.87 



280 



4,800 



22.5 



22.6 



270 



1,61 



1.81 



1.99 



2,000 



140 



2.47 

a 
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92 



8D 



20 



19 



15.2 



3.8 



a.s 



2000 



22,5 



640 



2,45 



93 



94 



96 



96 



97 



80 



80 



eo 



80 



BO 



20 



20 



10 



10 



10 



10 



10 



10 



19 



19 



19 



19 



19 



15.2 



tS.2 



1S.2 



15.2 



15-2 



3.d 



3.8 



3.8 



3.8 



3.8 



0.65 



0.7S 



0.25 



0.5 



2000 



2000 



1400 



1400 



1400 



t 

•Molecular weight of second polymer was about 222.6CX). 



22 .5 



22-5 



22.6 



22.5 



22.5 



360 



225 



760 



460 



340 



2.4 



2.35 



2.09 



2.8S 



2.74 



EXAMPLE 98 



A suitable vessel equipped with a mechar^ical sttner. reflux condenser, 
thermocouple and nit^igen inlet tube was charged with 87.97 parts deionlzed water and 
20 9 parts of a 40% aqueous solution of poly(DMAEM.MeCl), weight average molecular 
weight about 190.000. After completion of dissolution. 33.99 parts oi a 52.77% aqueous 
solution Of acrylamide. 11.74 parts of a 80% aqueous solution of DEAEA.DMS and 7.64 
parts of a 80% aqueous soluUon of DMAEA.MeCl were added arxJ mixed. To this mixture. 
49.5 parts ammonium sulfate. 2-57 parts citric acid, and 2.34g of 2% EDTA were added and 
mixed The pH of the mixture was about 3.3. The vessel was sealed and sparged with 
rtitrogen for 30 minutes, and then polymerization was started by adding 2.34 parts of 1% 
V-50 The reaction mixture was raised to 40">C for 2 hours and then raised to arnJ held at 
50-C for 4 hours. The overall conversion was greater than 99%. A stable fluid aqueous 
(fepeislon was obtained. The bulk viscosity of this dispersion was about 760 ops as 
measured with a Brookfleld Viscometer. No. 4 spindle, 30 rpm at 25'C. The dispersion was 
dissolved to give a SV of 2.09 cps. 
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EXAMPLES 99-100 
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Polymerizations were carried out in the same manner as Example 97. The effect 
of chain transfer agent (lactic add) concentration on bulk >nscosJty 1$ demonstrated as 
5 six>wn in Table 7, 

TabJa 7 



15 







FIRST 


SECOND 


LACTIC 








EXAMPLE 


% TOTAL 


POLYMER 


POLYMER 


ACID 


% 






NO. 


SOLIDS 


% SOUDS 


% SOUDS 


% 


SALT 


BV 


SV (CPS) 


































98 


19 


15,2 


o.C 


0 


22.5 


760 


2.09 


















99 


19 


15.2 


3.8 


0.25 


22.5 


460 


2.86 


















100 


19 


15.2 


3.8 


0.5 


22.5 


340 


2.74 



20 EXAMPLE 101 

A suitable vessel equipped with a mechanical stin-er, reflux condenser, 
thenmocouple and nitrogen Inlet tube was charged with 82,15 parts deionized water and 
30.8 parts of a 20% aqueous solution of poly(dlallyldimethylammonium chloride) 
(poly(DADMAC)), weight average molecular weight about 289,000. After completion of 

25 dissolution, 48.24 parts of a 52.77% aqueous solution of acrylamide and 13.27 parts of an 
80% aqueous solution of DEAEA.DMS were added and mixed. To this mixture* 49*5 parts 
ammonium sulfate, 2.57 parts citric acid, 1.67 parts of 10% lactic acid, and 3.34 parts of 2% 
EDTA were added arxl mixed. Tfie pH of the mixture was about 3.3, The vessel was sealed 
and sparged with nitrogen for 30 minutes, and then poiymeiizatlon was started by adding 

30 3.34 parts of 1 % V-50. The reaction mixture was raised to 40"^ for 2 hours and then raised 
to and held at SO^'C for 4 hours. The combined conversion was greater than 99%. A stat>ie 
fluid aqueous dispersion was obtained. The bullc viscosity of this dispersion was atx>ut 960 
ops as measured with a Brocrfcfield Viscometer, No. 4 spin<fle, 30 rpm at 25''C stxiwlng 
prefenable fluidity. The cBspersion was dissolved to give a SV of 3.67 cps. This Example 

35 demonstrates aqueous dispersions having poly(DAOMAC) as the second cafionic polymer. 
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EXAMPLE 102 



A suitable vessel equipped «Hh an exiemal jacket for heating or cooling. 
r„ech^lca,st.rrer..e..uxcondenser.thermo<«up.eandnit^^ 

262 6 parts delonteed ««ter. 47.4 parts of a 40% aqueous solution of poly(DMAEM.MeQ). 
welgtit ave«ge molecular weight about 41,500. an(l92.eo parts of a40% aqueous soiu on 
of ^.y(DMAEM.MeC.). ^ ^er^ moteoilar weight abo.t 205.000. After complet.on 
of dissolution. 88.1 parts of a 53.12% aqueous soludor, of acylamide and 133.9 parts of 
a 72 6% aqueous solution of the methyl chloride quaternary salt of diethylamlnoethylacrylate 
(DEAEAMeCDweie added and mixed. To this mixture. 144 parts ammonium sulfate, 2.644 
parts dtdc add, and 14.4 parts of 1% EDTA were added and mixed. The pH of the mixture 
was about 3 3. The vessel was seated and sparged with riitrogen for 30 minutes, and then 
polymerization was started by adding 14.4 parts of 2% V-50. The -ctlon mi^rB was 
raised to and held at 40-f5' C for 6 hours. The conversion was greater than 99.9%. A 
stable fluid aqueous dispe^ion was obtained, The bu.K viscosity of this <«spe,sion was 
about 2 200 CPS as measured with a Brookfield Viscometer. No. 4 spindle. 30 rpm at 25 C. 
The dispe,slon was dissolved to give a SV of 3.31 cps. This Example demonst«tes an 
aqueous dispersion having a third cationic polymer. 



EXAMPLE 103 



Polymehzauon v«s oanl«J «.l In the s»ne mann* as Example 102. e»«p. 
me two po.y(DMAEM.I*C.) polyme« «e« replied with a stnglo pol,(DMAEM.Meo.) 
^vtng aZ« avenge motec^ T,» W< vt^-^V ^« 

was at»ut 8.000 ops as ™«»K«1 wm, a BnK*Iie<d V«c«,^. No. 4 sp^le_ 
30.pmal25-Os«owln9P'«*^«'*«» ™'«*«^'*~'^^ tO9««aSV0f 
2.45 cps. 



EXAMPLE 104 



A suitable vessel equipped with an external jad.et for heating, mechanical stirrer, 
condenser. Ihemiocouple and nitrogen Inlet tube was charged with 23.8 parts 
delonlzed water and 25.3 parts of a 20^/. aqueous solu«on of poly(DADMAC). weight 
average molecular weight about 289.000. After comf^etion of cf^olutlon. 7.9 parts of a 
53 1% aqueous solution of a«ylamide ar^l 11.3 parts of a 77.9% aqueous solution of 
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DEAEA.M6CI were added and mixed. To this mixture. 18 parts ammonium sulfate. 1.06 
parts citric acid. 0.37 part of 5% EDTA, and 0.9 part glycerol were added and mixed. The 
pH of the mixture was about 3.3. The vessel was sealed and sparged with nitrogen for 30 
minutes, and then polymerization was started by adding 1.3 parts of 1% V-SO at 40oC. This 
temperature was held for 2 hours and then was raised to 50«C and maintained at this 
temperature for 8 hours. The residual aciylamide level was about 209 parts per million 
(ppm). A stable fluid aqueous dispeision was obtained. The bulk viscosity of this dispersion 
was about 2.950 ops as measured with a Brookfleld Viscometer. No. 4 spindle. 30 rpm at 
2S-C showing preferable fluidity. The dispersion was dissolved to give a SV of 2.47 cps. 

EXAMPLES 106-108 

Polymerizations were carried out in the same manner as Example 104, except that 
part of the poly(DAD!\rtAC) was replaced with a poly(DADMAC) polymer having a lower 
weight average molecular weight. The effect on the aqueous dispersion bulk viscosity of 
including the third polymer is shown in Table 8. 



Table 8 







FIRST 


SECOND 


SECOND 


THIRD 


THIRD 










TOTAL 


POLYMER 


POLYMER 


POLYMER 


POLYMER 


POLYMER 


% 


3V 


SV 


NO. 


SOLJ08 


%50U[>S 


% SOLIDS 


MW 


%SOUOS 


MW 


SALT 


(Cps) 


(cps) 






















104 


21.2 


t4.S 


5.06 


2B9.000 






20 


Z950 


2.47 






















105 


21.2 


14.S 


3.73 


288,000 


1.89 


10.100 


20 


2.200 


24 






















106 


21.2 


14.5 


3.73 


289,000 


1,69 


53,400 


20 


1,960 


2.4 






















107 


21.2 


143 


3.73 


289,000 


1.89 


87.900 


20 


2.020 


2.39 






















1 108 


2XJSi 


14.6 


3.73 


289,000 


1.89 


100.000 


20 


1.S90 


2.42 
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EXAMPLE 109 
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An aqueous dispeislon containing 12.5% ammonium sulfate and having a poTymer 
solids of 30%. a bulk viscosity of about 7200 cps and a standard viscosity of about 2.34 cps 
was prBpared in the same manner as in Example 2. 



EXAMPLE 110 

An aqueous dispersion containing 15.5% ammonium sulfate and having a polymer 
10 solids level of 28%, a bulk viscosity of about 2640 cps and a standard viscosity of about 2.4 
cps was prepared In the same manner as in Example 9. 

EXAMPLES 111-133 

15 Various amounts of either ammonium sulfate, sodium thiocyanate. or 1,3- 

benzenedlsulfonate (1,3-BDS) were added to the base aqueous dispersions of Example 
109, Example 110. Example 103, Example 1, Example 102 and Example 142, The bulk 
visoosilies of the resultant aqueous dispersions were further reduced as shown in Table 9, 
These Examples demonstrate that the bulk viscosity of aqueous dispersions may be 

20 reduced by adding salt to the dispersion, and that the addition of 1 .3-BDS may be more 
effective than ammonium sulfate on a weight basis. Substantially similar results are 
obtained by polymerizing the monomers In the presence of tfie salts. 
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Example 
No. 


Base 
Aqueous 
Dispersion 


BVof 

Base 
Aqueous 
Dispersfon 


Added Salt 


% Total 
Salt 


% Total 
Solids 


BV 
(cps) 


4 4 4 
111 


Example 109 


7200 


(NH4)2S04 


14.21 


29.41 


2100 


1 12 


Example 109 


7200 


V&.fll 1 ft. 


15.86 


28.84 


1,000 


113 


Example 109 


7200 


(NH4)aS04 


17.45 


28.3 


501 


114 


Example 109 


7200 




19 


27.8 


319 


115 


Example 109 


7200 


1.3-BDS 


13.37 


29.7 


2200 


4 4 f 

116 


Example 109 


7200 


1,3-BDS 


14.21 


29.41 


1160 


117C 


Example 109 


7200 


1,3-BDS 


15 


29.12 


FL 


118 


Example 110 


2640 


NaSCN 


16.3 


27.7 


540 


119C 


ExampEe 110 


2640 


NaSCN 


17.15 


27.45 


FL 


120C 


Exampte 110 


2640 


iNaSCN 


17.96 


27.18 


FL 


121 


Example 103 


8000 


1,3-BDS 


19.6 


24.51 


1660 


122 


Example 103 


8000 


t,3-BDS 


21.15 


24.04 


762 


123 


Example 103 


8000 


1,3-BDS 


22.64 


23.58 


FL 


124 


Example 103 


8000 


{NH4)2S04 


19.6 


24.51 


3440 


125 


Example 103 


8000 


(NH,)2S04 


21.15 


24.04 


1990 




nxampie i uo 


OUUU 






23.58 


1300 


127 


Example 103 


8000 




24.07 


23.15 


982 


128 


Exam|:^e 1 


2300 


(NH,)^SO, 


19 


27.8 


501 


129 


Exemriple 102 


2200 




19.6 


24.51 


1002 


130 


Example 102 


2200 


(NH,)^0, 


2t.15 


14.04 


441 


131 


Example 102 


2200 




22.64 


23.58 


XI 


132 


Example 102 


2200 


(NHJgSO^ 


24.07 


23.15 


200 


133 


Example 142 


10.000 




24.07 


2a 15 


1380 



C: Comparative 
FL: Fomied Layers 
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EXAMPLE 134 

About 18 parts of the aqueous dispeision of Example 49 and about 20 parts of the 
aqueous dispersion of Ex^ple 91 were intermixed with stirrtng. The resultant aqueous 
5 dispersion blend was stable and very uniform with a buil< viscosity of about 880 cps. 
demonstrating that cSfferently (barged dispersions may be blended to prepare an aqueous 
dispersion having an intermediate charge. The aqueous dispersion blend had an overall 
charge of about 40% and a SV of 2.5 cps. 

10 EXAMPLE 135 

yuxiut 18 parts of a high charge aqueous dispersion prepared as in Example 48 
and about 18 parts of a low charge aqueous disperston prepared as in Example 101 were 
intermixed with stirring. The resultant aqueous dispersion Wend was stable and very 
15 uniform with a bulk viscosity of about 2300 cps, demonstrating that differently charged 
dispersions may be blended to prepare an aqueous dispersion having an intermediate 
charge. The resuitartf aqueous dispersion contained four different polymers. 

EXAMPLE 136 (Comparative) 

20 

A polymerization was conducted in the same manner as Example 9, except that the 
DEAEA.DMS was replaced vAttx an equal weight of DMAEA-MeCt. During the process of 
polymerization, the contents of the vessel became so viscous that stirring became 
impossible. The product was obtained as a gel without fluidity. This Example demor^strates 
25 that replacement of DMAEA.MeCl with DEAEA.DMS results In an aqueous dispersion 
having a dramatically lower bulk viscosity. 

EXAMPLE 137 (Comparative) 

30 A polymerization was conducted in ttie same manner as Example 50, except that 

the DEAEA.DMS was replaoed with an equal weight of DMAEA.MeC1. During the process 
of polymerization, the contents of the vessel became so viscous that stirring became 
Impossible. The product was obtained as a gel without fluidity. This Example demonstrates 
that replacement of DMAEA.MeCl with DEAEA,DMS results in an aqueous dispersion 

35 having a dramatically lower bulk viscosity, 

48 
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EXAMPLE 138 (Comparative) 
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A polynieiizaBon was conducted in the same manner as Example 91, except that 
the DEAEA.DMS was replaced with an equal weight of DMAEA.MeCI. During the process 
5 of polymerizaflon, the contents of the vessel became so viscous that stirring became 
impossible. The product was obtained as a gel without fluidity. This Example demonstrates 
that iBplacement of DMAEA.MeCi with DEAEA.DMS results In an aqueous dispersion 
having a dramatically lower bulk viscosity. 

YQ EXAMPLE 139 (Comparative) 

A polymerization was conducted in the same manner as Example 100. except that 
the DEAEA.DI>i/IS was replaced with an equal weight of DMAEA.MeCI. During the process 
of polymerization, the contents of the vessel became so viscous that stirring became 
15 impossible. The product was obtained as a gel without fluidity. This Example demonstrates 
that replacement of DMAEA.MeCI with DEAEA.DMS results in an aqueous dispersion 
having a dramatically lower bulk viscosity 

EXAMPLE 140 

20 

A suitable vessel equipped with a mechartical stirrer, reflux condenser, and nitrogen 
inlet lube was charged with 20 parts deionized water and 10.51 parts of a 40% aqueous 
solution of poiy(DMAEM.MeCi). weight average molecular weight about 210,000. After 
completion of dissolution. 6.57 parts of a 53.27% aqueous solution of aciylamide, 14.56 

25 parts of an 80% aqueous solution of DMAEA.MeCI and 4.15 parts of a 80% aqueous 
solution of DMAEA-BzCl were added and mixed. To this mixture, 10.8 parts ammonium 
sulfate. 0.4 parts citric acid, and 1.51 parts of 1% EDTA were added and mixed. The pH 
of the mixture was about 3.3. The vessel was sealed and sparged with nitrogen for 30 
minutes, and then polymerization was started by adding 1.08 parte of 1% v-50. The 

30 reaction mixture was raised to 40pC for 2 hours by placing the vessel in a water bath and 
then raised to 50° C for 6 hours. The conversion was greater than 99%. A stable fluid 
aqueous dispersion was obtained. The bulk viscosity of this dispersion was about 2000 cps 
showing preferable fluidity as measured with a Brookfield Viscometer No. 4 spindle, 30 rpm 
at 25^. The dfeperdon was dissolved to give a SV of 2.2 cps. 

35 
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EXAMPLES 141-144 

Polymerizations were carried out In the same manner as Example 140, The effect 
of the tsompositlon of the first potymer (given in lemris of % AMD, % DMAEA-MeCI. and 
DMAEA.BzC[ in monomer feed) and molecular weight of the poly(OMAEIUI.MeCJ) on the 
aqueous dispersion bulk vFscosity is shown in Tatile 10. 

Table 10 











% 


FIRST 


SECOND 


SECOND 










% 




a 


TOTAL 


POLYMER 


POLYMER 


POLYMER 


% 


BV 


sv 


NO 


AMD 


DMAEA.MeCl 




SOLIDS 


% SOLIDS 


* SCtlDS 


MW 


SALT 


(cps) 


(cps) 
























140 


60 


25 


15 


25 


18 


7 


210,000 


18 


2.000 


2.2 
























141 


60 


26 


16 


25 


18 


7 


500.000 


18 


13.200 


2.34 
























142 


60 


25 


15 


25 


18 


7 


1^0,000 


Id 


10.000 


2.4 
























143 


eo 


25 


15 


25 


18 


7 


800,000 


18 


11,500 


2-2 
























144 


60 


29.2 


10.8 


25 


19 


6 


200,000 


18 


8.680 


2J5& 



EXAMPLES 145-150 (Comparative) 

Polymeilzations were carried out in the same manner as Example 140 at different 
ratios of AMD/DMAEA.MeCi/DMAEA.BzCI/OEAEA.DMS except that the poly(DMAEM. MeCI) 
was {knitted. During the polymerization process, the corrtents of the vessel laecame very 
viscous to tlie point that stining i)ecame Impossible. The resulting pofymerizatlon product 
was obtained as a dear gel. a homogeneous composition without fluidity as shown in Table 
11. 
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Table 11 



NO. 



145C 



146C 



147C 



M8C 



AMD 



149C 



50 



DMAEA.MeCl 



40 



45 



60 



60 



55 



TSQC I 55" 



40 



292 



25 



DMAEA-BsCl 



10 



0EAEA,DMS 



15 



10.8 



15 



40 



40 



SOLIDS 



14.4 



14.4 



IS 



1& 



18 



SALT 



20 



20 



25 



IS 



18 



18 



18 



Ocl 



Gel 



Gel 



Gel 



Gel 



Gel 



C: Comparative 

EXAMPLES 151^153 

^ ^ d.spe«ton h^ing a bulk viscosity c, abcu. 3570 ops was pra^ad^ 
■= The dlsDorelon was conoamrated by ptacmg about 136 

U» same "^^^^^^ „l,™^„. A 0. 2e pa«a 

bulk viscosity aqueous dispersions as shown in Table 12. 



Table 12 



Eiaffiplam !nr^ 3570 

151 (as polymerized) 

31.5 

152 

34.6 

153 



660 
3260 
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EXAMPLE 154 



A suitable vessel equipped with a rriGchanical sUirer, reflux condenser, and a 
nitrogen inlet tube was charged wiili 277.75 parts delonized water and 1 12.0 parts of a 40% 
aqueous solution of poly{DMAEM.MeCI). weigtit average molecular weight about 200,000, 
Atter completion of dissolution, 89.03 parts of a 53-64% aqueous solution of acryiamide, 
and 164-93 parts of an 80% solution of DEAEA.DMS were added and mixed. To this 
mixture, 124,0 parts ammonium sulfate, 9.36 parts citric acid, and 5,02 parts of a 1% 
solution of EDTA were added and mixed. The pH of the mixture was about 3.3- The 
contents were heated to 48° C and sparged with nitrogen for 30 minutes, and then 
polymerization was started by adding 17.92 parts of 1% aqueous solution of V-50, The 
reaction mixture was maintained at 48^ C for 5 hours. About 3.5 hours into the 
potymerization the aqueous dispersion built viscosity t)egan to noticeably increase. The final 
buil< viscosity of the aqueous dispersion was about 8,000 cps as measured with a 
Brookfield Viscometer No. 4 spindle. 30 rpm at 25° C. 



Duplicate polymerizations ware carried out in a similar manner to Example 154 
except that an additional sunount of ammonium sulfate (4% on total) was added 
approximately 3 hours after initiation of polymerization. This prevented any substantial 
increase in bulk viscosity during the polymerization and resulted in a final bulk viscosity that 
was lower than the bulk viscosity obtained in Example 154 as shown In Table 13, 



EXAMPLE 155-156 



Table 13 



Example No 

155 



156 



Final Bulk Vificosity (#4 sp indle. 30 rpm) 
300 cps 
500 Cps 
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General Poiymerizatton Procedure: The following components were mixed together 
in a suitable vessel and tfie pH was adjusted to about 3.5 with a 28 wt. % solution of 
5 ammonium hydrowde. 



Acrylamide (55.5 wt. %) 5.34 parts 

DEAEA.DMS (80 wt. %) 1 0.35 parts 

Citric acid 0^58 parts 

10 Ammonium sulfate 7.78 parts 

poly(D!y/IAEM.MeCI) (40 wt. 200,000 MW) 7.03 parts 

Delonized Water 1 6.22 parts 

V-50 (1 wt. %) 1.12 parts 

EDTA(1 wt. %) 1,57 parts 

15 Methylenebisacrylamlde (MBA) variable 

Lactic acid (chain transfer agent) variable 



Forty parts of the solution were placed into a suitable vessel and the solution was 
sparged with nitrogen. The vessel was sealed and placed into a 40^C water bath for 2 

20 liouis. The tOTiperature was then increased to SCC and maintained for an addrtionai 3 
hours. Results are summarized in Table 14. showing that substantial levels of branching 
agent and chain transfer agent can be incorporated into aqueous dispersions of water- 
soluble and water-swellabte polymers. The aqueous viscosity values were obtained by 
dissolving or dispersing the aqueous dispersions in the same general manner as for the 

25 standard viscosity values described above, except that the polymer concentration was 0,1 35 
wt. %- 
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Ex. No. 


Lactic add (wt. % 
on monomer) 


MBA (ppm on 
monomer) 


uispersion duik 
viscx)sily (#4 
spindle. 30 ipm) 


Aqueous Viscosity 


157 


0 


0 




^ Q1 

0>9 1 


158 


0.4 


0 




O.t- 1 


159 


0.8 


0 






160 


0 


0 


1100 


1 71 


161 


0 


2 


1000 


OaO 1 


162 


0 


4 


1600 


3 66 


163 


0 


6 


2500 


O-O 1 


164 


0 


0 


2200 


11 

O. 1 1 


165 


0 


10 


3300 


1 on 


166 


0 


15 


3300 




167 


0 


20 


8100 


1.67 


168 


0 


0 


1200 


2.81 


169 


0 


30 


1800 


1.46 


170 


0 


40 


3500 


1.43 


171 


0 


SO 




1.44 


172 


0 


100 




1.28 



EXAMPLE 173 

A aqueous dispersion was prepared as in Example 155. The aqueous dispersion 
had a bulk viscosity of about 240 ops and an aqueous viscosity {obtained as in Examples 
157^172) of 3.55 Ops. 

EXAMPLE 174 



The aqueous dispersion of Examj^e 173 was spray-dried on a commercially available 
laboratory spray dryer. The chamber of the laboratory spray dryer was 760 millimeters (mm) 
in diameter with a 860 mm vertical side and a 65 degree conica! bottom. Nominal gas flow 
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through the diyer was about 180 cubic meteis per hour. The aciueous disperalon feed was fed 
at the center of the top of the chamber using a variable speed pump, through a two-fluid nozzle 
using air for atomlzailon. The ouHet gas tampererture was 8e"C and conlralied by varying the 
Inlet gas temperarture (ie9« C) and the feed rale {60 mllllliteisAninute). To provide an inert 
atmosphere, the spray<Jiyer was suppUed with nitrogen gas f lom a cryogenic storage tanit The 
dried polymer product was discharged through the bottom of the dryer cone to a cyclone where 
the dry product was removed and collected. Residence time in the dryer was about 14 
seconds. The resuBant spray-dried potymer particles, wtwch had a vdatiles content of 3.4% and 
a bulk density of about 0.50 grams per cubic centimeter (g/cc). were readily soluble In water 
and had a SV a 3.49 cps. 

EXAMPLE 175 

The dissolution rate of the spray-aned polymer of Example 174 was compared to 
a dry polymer of similar composition obtained by spray-drying a commercial water-in-oll 
emulsion. Solutions were prepared In a wide mouth quart jar using a 2.5 inch magnetic 
stimng bar. The stirring rate was adjusted so that a deep vortex was obtained In the water. 
The dry polymer was added slowly over a period of 5 minutes at the edge of the vortex to 
avoid clumping. The spray-dried polymer of Example 174 wet more readily and completely 
dissolved over a period of 30-40 minutes, giving a clear solution. In contrast, the dry 
polymer obtained by spray-drying an inverse emulsion did not wet as rapidty and was not 
(ximpleteiy dissolved after two hours. This Example demonstrates that a dry poiymer 
obtained by spray-drying an aqueous dispersion of the instant invention dissolved faster 
than a dry polymer obtained by spray-drying a conesponding water-in-oii emulsion. 

EXAMPLE 176C 

The procedure of U.S. Patent No. 6,403,883 Example 1 was followed. A dispersion 
having a bulk viscosity of about 10.600 cps (#4 spindle, 30 rpm) was obtained. 

EXAMPLE 177 

The procedure of U.S. Patent No. 5.403,883 Example 1 was followed, except that 
the 2-trimethlyammonlumethyl acrylate chloride was replaced by an eqMal wreighl of 
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DEAEA-MeCI. The resulting aqueous dispersion had a bulk viscosity of about 6,900 cps 
(#4 sj^ndle, 30 rpm), demonslrafing improved bulk viscosity as compared to Example 176C. 

EXAMPLE 178 

5 

A suitable vessel equipped with a mechanical stirrer, reflux condenser, and a nitrogen inlet 
tube was charged with 22.94 parts deionized water and 10.5 parts of a 40% aqueous 
solution of poly(DMAEM.MeCI), weight average molecular weight atjout 245,000. After 
completion of dissolution, 6.47 parts of a 54,20% aqueous solution of acrylamide, and 7.49 

10 parts of the propyl chloride quaternary salt of dimethytamlnoethyl acryiate were added and 
mixed. To this mixture, 10.8 parts ammonium sulfate, 0.7 parts citric add, and 0,76 parts 
of a 2% solution of EDTA were added and mixed. The pH of the mixture was about 3.3. The 
vessel was sealed and sparged with nitrogen for 30 minutes, and tlien polymerization was 
started by addition of 0-54g of 2% aqueous solution of V-50. The reaction mixture was 

15 heated to 40^0 for 2 hours and then raised to 50^ C and held for an additional 4 hours. The 
conversion was greater than 99%. A stsd^ie fluid aqueous dispersion was obtained. The 
bulk viscosity of the aqueous dispersion was about 1 300 cps showing (xeferable fluidity as 
measured with a Broolcfield Viscometer, No. 4 spindle. 30 rpm at 25'' C, The aqueous 
dispersion was dissolved to give a SV of 2.1 cps. This Example demonstrates that< desfSte 

20 Comparative Example 1 of EP 0 525 751 A1, an aqueous dispersion may be formed when 
the first polymer contains recurring units of the propyl chloride quatemaiy salt of 
dimethylaminoethylacrylate. 

EXAMPLE 179 

25 

An aqueous dispersion was prepared in a similar manner to Example 40 except that 
the first polymer composition was AMD/DEAEA.DMS/DIVlAEA.IvAeCl (60/30/10 mole). The 
aqueous dispersion had a bulk viscosity of about 3,600 cps (No. 4 spindle. 30 rpm at 25^ 
C) and a SV of 2.64 cps. 
30 EXAMPLE 180 

An aqueous dispersion was prepared in a similar manner to Example 40 except that 
the first polymer composition was AMD/DEAEA.DMS/DMAEA.IVJeCt (60/25/15 mole). The 
aqueous dispersion had a bulk viscosity of about 1,000 cps (No, 4 spindle, 30 rpm al 25° 
35 C) and a SV of 2.87 cps, 
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The performance of aqueous dispersions of the Instant invention was determined 
by measuring free drainage rate and cake soKds Irom dewatered sludge as follows: Two 

5 hundred grams of sewage sludge from a municipal waste treatment plant were weighed Into 
each of a series of jars. Solutions of the aqueous dispersions and of W/0. a commercial 
water-in-oil emulsion control (60/40 mole % AMD/DMAEA.MeC(). were prepared so that the 
concentration of the polymer was atxwt 0.2%. Various doses of the polymer solutions were 
intemilxed with the sludge samples and agitated at 600 rpm for 10 seconds (500 rpm/10 

10 seconds) or at 1000 rpm for 5 seconds (1 000 rpm/5 seconds) with an overhead mixer. The 
resultant aqueous mixture of flocculated sludge was dewatered by pouring it Into a Buchner 
funnel containing a 35 mesh stainless steel screen; the free drainage was determined by 
measuring the milltlitere of filtrate collected in 10 seconds Cake solids were determined 
by drying the pressed sludge at 105*C. The results are shown in Table 15. with each 

15 polymer identified by previous Example No., free drainage in units of milHllters/l 0 seconds, 
mixing in rpm/seconds, dosage in units of pounds of polymer per ton of dry sludge, and 
cake solids as a weight percent of dry solids in wet cake. The notation W in the Table 
means that an accurate cake solids value could not be obtained. These Examples show that 
the perfomiance of the aqueous dispersions of the instant imrenlion is substantially 

20 equivalent or superior to a comparable commercial product. 
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209C 


W/O 


500/10 


23 


99 


14.9 


21 OC 


w/o 


600/10 


27.2 


92 


15.2 














211 


9 


1000/5 


25.1 


96 


17.6 


212 


9 


1000^ 


29.3 


97 


18.0 


213 


9 


1OO0/5 


31.4 


93 


17.9 














214 


179 


1OO0/5 


29.3 


107 


17.7 


215 


179 


1000/5 


31.4 


92 


18.4 


216 


179 


1000/5 


35.6 


104 


18.7 














217 


180 


1O0Q/5 


25.1 


84 


16.9 


218 


180 


1000/5 


29.3 


92 


17.9 


219 


180 


1000/5 


31.4 


136 


17.1 


220 


180 


1000/5 


35.6 


104 


17.1 














221 C 


W/O 


1000/5 


25.1 


110 


16.1 


222C 


W/O 


1000/5 


29.3 


112 


16.5 


223C 


W/O 


1000/5 


31.4 


108 


16.8 














224 


44 


500/10 


22.1 


140 


17.5 


225 


44 


500/10 


24.5 


138 


17.0 


226 


44 


500/10 


27 


139 


17.4 














227 


44 


1000« 


22.1 


120 


19.0 


228 


44 


1000/5 


25.8 


117 


19.3 


229 


44 


1000/5 


29.4 


104 


19.5 














230C 


W/O 


500/10 


18.4 


108 


NA 


231 C 


W/O 


500/10 


22.1 


110 


NA 


232C 


W/O 


500/10 


25.8 


66 


NA 














233C 


W/O 


1000/5 


22.1 


128 


17.9 


234C 


W/O 


1000/5 


25.8 


102 


17.6 














235 


61 


50(V10 


16.9 


130 


17.2 


236 


61 


500/10 


18.6 


140 


18.0 


237 


61 


500/10 


21.9 


130 


17.3 














238 


67 


500/10 


1 15.2 


80 


16.8 
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5 



10 



15 



20 



25 



30 



239 


67 


500/10 


16.9 


105 


17-8 


240 


67 


500/10 


18.6 


126 


18.2 














241 C 


W/O 


500/10 


15.2 


116 


16.2 


242C 


W/O 


500/10 


16.9 


116 


15.6 


243C 


W/O 


500/10 


18.8 


82 


15.4 














244 


140 


500/10 


26.5 


138 


18.0 


245 


140 


50CV10 


29.4 


140 


18.5 


246 


140 


sotvio 


32.4 


130 


18.2 














247 


140 


1000/5 


1 29.2 


118 


17.8 


248 


140 


1000/5 


32.4 


129 


18.4 


249 


140 


1000/5 


35.7 


137 


19.0 














250 


142 


500/10 


26.5 


120 


16.9 


251 


142 


50<yio 


29.4 


142 


17.2 


252 


142 


500/10 


32.4 


127 


17.1 














253 


142 


1000/5 


25.9 


120 


17.3 


254 


142 _^ 


1000/5 


29.2 


140 


17.8 


255 


142 


1000/5 


32.4 


138 


18.3 














256C 


W/O 


500/10 


14.7 


76 


14.0 


257C 


W/O 


500/10 


17.6 


114 


14.8 


258C 


W/O 


500/10 


20.6 


105 
















259C 


W/O 


1000/5 


22.7 


104 


16.8 


260C 


W/O 


1000^5 


25.9 


134 


16.3 


261C 


W/O 


1000/5 


29.2 


113 


la? 



0: Comparative 

W/O: CammerdaHy available waier-ln-oil emulsion copolymer of aciylamlde and 
35 DM/KEA.MeCI (60/40 mole %) 
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The performance of the aqueous dispersions of Examples 118 and 121 is 
determined by measuring free dminage rate and cake solids from dewatered sludge by 
following the procedure of Examples 181-261. Similar results are obtained. 



EXADRPLE 264 



A solution of the spray-diied polymer of Example 174 Is prepared so that the 
concentraUon of the polymer is about 0,2%. The performance is determined by measuring 
free drainage rate and cake solids from dewatered sludge by following the procedure of 
Examples 181-261. Simitar results are obtained. 



EXAMPLES 265-277 



Solutions of the aqueous dispersions and spray-dried polymers of Examples 9, 44, 
61. 67, 102, 103. 118. 121, 140. 142, 174. 179. and 180 are prepared so that the 
concentration of the polymer is about 0.2%. The perfotmance ts determined tiy measuring 
free drainage rate by following the procedure of Examples 181-261. except that a 1% 
suspension of paper solids is dewatered instead of sewage siudge. Similar results are 
obtained. 



EXAMPLES 278-293 



Aqueous admixtures are prepared by intemiixing the aqueous dispersions of 
Examples 157-172 with water so that the concentration of the polymer Is about 0.2%. The 
performance is detemiined by measuring free drainage rate by following the procedure of 
Examples 181-261, except that a 1% suspension of paper solkte is dewatered instead of 
sewage sludge. Simitar results are obtained. 
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1. 



A composition comprising an aqueous dispersion comprised of: 



10 



15 



20 



25 



30 



(a) a first cationic water-soluble or water-sweltable polymer, and 

(b) at least one second water-soluble polymer different from said first polymer; and 

(c) a kosmotropfc salt; and 

(d) a ctiaotropic salt or an anionic organic salt^ 

wherein the amounts of said (b), (c) and (d) are such that a homogeneous composition Is 
obtained in the absence of said {b). 

2. A comp)osition comprising an aqueous dispersion comprised of: 

(a) a discontinuous phase containing polymer that is comprised predominately oi a first 
cationic water-soluble or water-swellable polymer having at least one recurring unit of the 
formula (l)» 



wherein R. Is H or CHa. A is O or NH, B is an alltylene or branched alkylene or oxyalkylene 
group having from 1 to 5 carbons. is a m^hyi, ethyl, or propyl group, Rg Is a metk^l, 
ethyl, or propyl group, R4 Is a methyl, ethyl, or propyl group, X Is a counterion, and Rg. R3 
and R4 together contain a total of at feast 4 carbon atoms; and 
(b) at least one second water-soluble pd^er different from said first polymer 
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3. A composition comprising an aqueous dispersion comprised of: 

(a) a discontrnijous phase containing polymer that is comprised predominately of a first 
catlonic watBr-soiut)le or water-swellalate polymer liaving at least one recurring unit of the 
fomnula (I), 

a" 
i 



wherein R, is H or CH3, A is O or NH. B is an alkylene or branched alkylene or oxyalkylene 
group having from 1 to 5 carbons. Rj ts a methyl, ethyl, or propyl group. R3 is a methyl, 
ethyl, or propyl group, R, is an ailcyl or substituted alkyi group having from 1 to 10 carbons, 
or an aiyl or suljstituted aiyl group having from 6 to 10 cartaons, X is a counterion, and Rj, 
R3 and R< together contain a total of at least 4 carbon atoms: and 

(b) at least one second water-soluble polymer different from said first polymer. 

vWierein a homogeneous composition is obtained in the absence of said (b). 

4. A composition as claimed in Claim 2 or 3 which is further comprised of an inorganic 
salt seiected from the group consisting of chlorides, sulfates, phosphates, 
hydrogenphosphates and mixtures thereof. 

5. A composition as claimed in Claim 2. 3 or 4 wherein said first polymer is further 
comprised of hydrophobic recumng units. 
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6. A process wWch comprises polymerizing vinyi-acWitton monomers to lonm an 
aqueous dispersion comprised of a first cationic water soluble or water-swellable polymer, 
wherein said polymerizing Is carried out In the presence of an aqueous composition 
comprised of 

5 

{a) at least one second water-soluble polymer different from said first polymer, and 

(b) a kosmotrt^ilc salt; and 

10 (c) a chaotropic salt or anronic organic salt, 

wher^n the amounts of said (a), (b) and (c) are such that a homogeneous composition is 
obtatr>ed if said polymerizing is carried out in the absence of said (a). 

15 7. A process which comprises polymerizing vinyJ-addition monomers comprised of at 
least one monomer of the formula (11) to form an aqueous dispersion comprised of a first 
cationic water-soluble or water-sweilable polymer, 

V 

20 (II) CH.=C 

■ I 

c=o 

1 

A 
I 

B 
I 

25 R2-N-R^ 

R4 X" 



wherein R, is H or CHj, A is O or NH, B is an alkylene or branched aikyiene or oxyalkyiene 
30 group having from 1 to 5 carbons, is a nr\ethyi. ethyl, or propyl group, Rg is a methyl, 
ethyl, or propyl group, R4 is a methyl, ethyl, or propyl group. X is a counterion, and R2, 
and R4 together contain a total of at least 4 carbon atoms; and 

wherein said polymerizing is carried out in the presence of an aqueous composition 
35 comprised of at least one second water-soluble polymer different from said first polymer. 
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8. A process which comprises polymerizing vinyl-addition monomers comprised ol at 
least one monomer of the formula (II) to fomn an aqueous dispersion comprised of a first 
catlonic water-soluble or water-swellat}le polymer. 



(II) 



CH2=C 



R2- 



c=o 

I 

A 
I 

B 
t 

N-R3 
1+ \ 
R4 X 



wherein is H or CH3, A Is O or NH, B is an sJkyJene or branched allcylene or oxyalkylene 
group having from 1 to 5 cart)ons, Is a methyl, ethyl, or propyl group, Rg is a methyl, 
ethyl, or propyl group, R4 is an alkyJ or substituted alkyi group having from 1 to 10 carbons, 
or an arjrt or substituted aryl group having from 6 to 10 carbons, X Is a oounterion, and R2, 
R3 and together contain a total of at least 4 carbon atoms; and 

wherein said polymerizing is carried out in the presence of an aqueous composition 
comprised of an amount of at least one second water-soluble polymer different from said 
first polymer; and 

wherein said amount of said second polymer is such that a homogeneous composition is 
obtained if said pol^erizing is carried out in the alDsence of said second polymer. 

9. A process as claimed in Claim 7 or 8 wherein said aqueous composition Is further 
comprised of an inorganic salt selected from the group consisting of chlorides, sulfates, 
phosphates. arKt hydrogenphosphates. 

1 0. A process as claimed in Claim 7, 8 or 9 wherein said vinyl-addition monomers are 
further comprised of a hydrophobic monomer. 
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11. A method comprising (a) miemiixlng an aqueous dispersion of polymers, or 
aqueous admixture thereof, in an amount effective for dewateiing. with a suspension of 
dispersed sdlds, and (b) dewateiing said suspension of dispersed solids, said aqueous 
dispersion Iwing comprised of 

(i) a first cationic water-soluble or water-swellable polymer; and 

(ii) at least one second water-soluble polymer different from said first polymer and 
(lit) a kosmotropic salt; and 

(Iv) a chaotroplc salt or anionic organic salt. 

Wherein the amounts of said (ii). (iii) and (iv) are such that a homogeneous composition is 
obtained in the absence of said (ii). 

12. A method comprising 

(a) intermixing an aqueous dispersion of polymers, or aqueous admixture thereof, in an 
amount effective for clarification, with oil-containing water to produce clarified water, and (b) 
separating said clarified water from said oil. said aqueous dispersion being comprised of 

(i) a first caUonic water-soluWe or water-swellable polymer and 

(ii) at least one second water-sduble polymer different from said first polymer, and 

(iii) a kosmotropic salt; and 

(iv) a chaotropic or anionic organic salt. 

vtfherein the amounis of said (ii), (iii), and (iv) are such that a homogeneous composition is 
obtained in the absence of sad (ii). 
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10 



13. A method comprising (a) Intermixing an aqueous dispersion of polymers, or 
aqueous admixture thereof, in an amount effective for dewaterfng, with a suspension of 
dispersed solids, and (b) dewatering said suspension of dispersed solidSr said aqueous 
dispersion being comprised of 

(i) a discontinuous phase containing polymer that is comprised predominately of a first 
cationic water-soluble or water-swellabie poller having at least one recurring unit of the 
formula (i), 



(I) 



1 



M 



15 _ J 



wherein R. is l-i or CIH,, A is O or NH, B is an alkylene or branched atkylene or oxyalicylene 
20 group having from 1 to 5 carkxjns, Ra is a methyl, ethyl, or propyl group, R3 \s a methyl, 
ethyl, or propyl group. R^ is a methyl, ethyi, or propyl group, X is a counterion, and R?, R3 
and R^ together contain a total of at least 4 carbon atoms: and 

(ii) at least one second water-soluble polymer different from said first polymer. 

25 

14. A method comprising 

(a) intermixing an aqueous dispersion of polymers, or aqueous admixture thereof, in an 
amount effective for clarification, with oil -containing water to produce clarified water, and (b) 
30 separating said clarified water from sgud oil, said aqueous dispersion being comprised of 

(1) a discontinuous phase containing polymer that is comprised predominately of a first 
cationic water-soluble or watar-swellable polymer having at least one recuning unit of the 
formula (I), 

35 
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k 



10 wherein R, is H or CHa, A Is O or NH, B is an alkylene or branched alkylene or oxyalkylene 
group having from 1 to 5 carbons. R? »s a methyl, ethyl, or propyl group. R3 is a methyl, 
ethyl, or propyl group, R4 Is a methyl, ethyl, or propyl group, X is a counterlon, and Rj, R3 
and R* together contain a total of at least 4 cart>on atoms; and 

15 <ii) at least one second water-soluble polymer different Irom said first polymer. 

15, A method cwnprising (a) intermixing an aqueous dispersion of polymers, or 
aqueous admixture thereof, in an amount effective for dewaterlng. with a suspension of 
dispersed solids, and (b) dewatering said suspension of dispersed solids, said aqueous 
20 dispersion being comprised of 

(I) a discontinuous phase containing polymer that is comprised predomlrwtely of a flfst 
cationic water-soluble or water-swellable polymer having at least one recurring unit of the 
formula (I), 



25 



30 



—CHz-6— 
6=0 
0) k 

1 

Rg — N^Rg 



wherein R, is H or CHa. A is O or NH, B Is an alkylene or branched alkylene or oxyalkylene 
group having from 1 to 5 carbons. Rj is a methyl, ethyl, or propyl group, R3 Is a methyl. 
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ethyl, or propyl group. R4 is an alky! or substituted alkyi group having from 1 to 10 carbons, 
or an aiyl or substrtuted aryl group having from 6 to 10 carbons, X is a counterion, and R^, 
and R4 together contain a total of at least 4 carbon atoms; and 



5 (ii) at least or>e seoorKi water-soluble polymer different from said first pokymer, 



wherein a homogeneous composition is otrtalned in the abserK:e 0I said (Ii). 



16. A method comprising 

10 

(a) intemiixing an aqueous dispersion of polymers, or aqueous admixture thereof, in an 
sHUOunt effective for clarification, with oil-containing water to produce clarified water, and (b) 
separating said clarified water from said oil. said aqueous dispersion being comprised of 



15 (i) a discontinuous phase containing polymer that is comprised predominately of a first 
catior>ic water-soluble or water-sw^lable polymer having at least one recurring unit of the 
fomiula (I), 



20 



25 



— CH2-C— 



wherein Ri is H or CH3. A Is O or NH, B is an alkyiene or branched alkylene or oxyalkylene 
group having from 1 to 5 carbons, R^ is a methyl, ethyl, or propyl group, R3 is a methyl 
ethyl, or propyl group, R4 is an alkyi or suljstituted alkyI group having from 1 to 10 carbons, 
30 or an aryl or sut>stituted aryl group having from 6 to 10 cartoons, X Is a counterion, and R2» 
Rg and R4 together contain a total of at least 4 carbon atoms; and 



(ii) at least one second water-scAibte polymer different from said first polymer. 



35 



wherein a homogmeous composition is obtained In the abserK^e of said (II)- 
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17. A method as claimed in Claim 13, 14, 15 or 16 wherein said aqueous dispersion 
is further comprised of an Inorganic salt selected from the group consisting of chlorides, 
sulfates, phosphates, hydrogenphosphates and mixtures thereof. 

18. A method as claimed In Claim 13, 14, 15, 16 or 17 wherein said first polymer is 
further comprised of hydrophobic recurring units, 

19. A method as claimed In Claim 11, 13 or 15 wherein said suspensfon comprises 
paper solids, mineral solids, food solids, or a biologically treated suspension. 

20. A process for producing substantially dry water-soluble or waler-swellable vinyl- 
addltton polymer particles comprising (a) spray-diying a vinyl-addition polymer-containing 
aqueous dispersion into a gas stream with a residence time of about 8 to about 120 
seconds and at an outlet temperature of about 70** C to about 100** C and (b) collecting 
resultant polymer particles. 

21 • A composition comprising substantially dry water-soluble or water-swellable polymer 
particles comprised of 

(a) a first cationic water-soluble or water-swellable polymer; and 

(b) at least one secornJ water-soluble polymer different from said first polymer, and 

(c) a kosmotfopic salt: and 

(d) a diaotropic salt or an anionic organic salt, 

wherein about 90% or more of said polymer particles each individually contains both said 
(a) and said (b), said particles having a bulk density of about 0.4 grams per cubic 
centimeter to about 1^0 grams per cubic centimeter. 

22. A composition comprising substantially dry water-soluble or water-swellable polymer 
particles comprised of 
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(a) a first cadonic water-soluble or water-swellable polymer having at Jaast one recurring 
unit of the formula (1), 



(I) 



-CH2-6— 
k 



Wherein [s H or CH3, A is O or NH, B is an alkylene or branched alkylene or oxyalkylene 
group having from 1 to 5 carbons. H2 a methyl, ethyl, or propyl group, R3 is a methyl, 
ethyl, or propyl group, is an alkyi or substituted alkyi group having from 1 to 10 carbons, 
or an aryi or substituted aryl group having from 6 to 10 carbons, X Is a counterion. and R^, 
R3 and R4 together contain a total of at least 4 carbon atoms: and 

(b) at least one second water-soluble polymer different from said first poiymer, 

wherein about 90% or more of said polymer particles each Individually contains both said 
(a) and said (b), said particles having a bulk density of about 0.4 grams per cubic 
centimeter to about 1.0 grams per cubic centimeter. 

23. A method comprising (a) intermixing the composition of Ciarm 21 or 22 with water 
to form an aqueous polymer admixture* (b) intermixing said aqueous polymer admixture. 
In an amount effective for dewatering, with a suspension of dispersed solids, and (c) 
deviratering said suspension of dispersed solids. 
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